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This guide is intended for use in teaching an 
introductory course in manufacturing materials and processes. The 
course centers around four basic materials — metallics, polymers, 
ceramics, and composites — and seven manufacturing processes — casting, 
forming, molding, separating, conditioning, assembling, and 
finishing. Concepts and classifications of material conversion, 
fundamental manufacturing materi&ls and processes, and the main types 
of manufacturing materials are discussed in the first section. A 
course content outline is provided in the second section. The 
remainder of the guide consists of learning modules on the following 
topics: manufacturing materials and processes, the nature of 
manufacturing materials, testing materials, casting and molding 
materials, forming materials, separating materials, conditioning 
processes, assembling processes, finishing processes, and methods of 
evaluating and analyzing products. Each module includes information 
about the length of time needed to complete the module, an 
introduction to the instructional content to be covered in class, 
performance objectives, a day-by-day outline of student learning 
activities, related diagrams and drawings, and lists of suggested 
textbooks and references. {lH) 
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Activities and procedures within the Division 
of Vocational Education are governed by the 
philosophy of simple fairness to alK There- 
fore, the policy of the Division Is that all 
operations will be performed wltiiout regard 
to rdce» sex» color* national origin, or 
handicap. 



IF THERE ARE ANY QUESTIONS, PLEASE CONTACT THE INDUSTRIAL ARTS/TECHNOLOGY EDUCATION 
OFFICE BY MAIL (116 WEST EDENTON STREET, EDUCATION BUILDING, RALEIGH, NC 27603-1712) 
OR BY PHONE (919/733-7970). 
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INTRODUCTION 



The North Carolina Technology Education Curriculum is a program to meet 
every citizen's need to be technologically literate. Some basic 
assumptions underlie the prograa, and these can be divided into content 
assumptions, and learner assumptions. 

The curriculum was developed using the belief that the appropriate 
content for the field is tschnology, and its Impact on individuals and 
society. It was further assuaed that the content is best organited 
around human productive systems that have been us^d, are now being used, 
and will, most likely, continue to be used. These universal systems are 
communication, construction, manufacturing, and transportation. 
Finally, it was assumed that this content can best be addressed from a 
systems approach with Its inputs, processes, outputs, feedback, and 
goals/restraints. . 

The curriculum was further based on the assumption that education should 
meet the needs of individuals and the human requirements of society. It 
was assumed that each person living in a technological society should 
have a basic understanding of and the ability to assimilate the 
knowledge about technology. People it was assumed, should be able to 
Interact with the technological nature of society and help impact the 
type of future new technologies can provide. Additionally people should 
be able to be contributors to a society In their several roles, 
including citizen, voter, investor, consumer, worker, and leader. 

These assumptions caused the curriculum to be developed in such a way oc 



to: 



1. Provide an overview of technology first, allow for more indepth 
study in specific technological areas, and culminate with 
synthesis activities. 

^* ?! uT" teacher-directed, content-centered in early courses, and 
highly, student-directed, process centered in advanced courses. 

3. Involve problem-solving and group activities of all courses. 

4. Stress the how and why of technology and its relationship to 
our quality of life. 

5. Be activity-centered learning, with the content being used to 
determine the appropriateness of each activity selected. 

6. Be equally important to young wcaen and young men, both of 
which must function in a technologies! society. 

Finally, the curriculum was developed to be descriptive rather than 
prescriptive. The materials describe what to teach and suggest ways of 
teaching the content. At no time are daily activities prescribed In 
such a way to preclude individualiiing the presentations to meet local 
conditions. 



THE CURRICULUM GUIDE IN AN INSTRUCTIONAL SYSTEM 



lit «! ' / Carolina Technology Education Curriculum Is 

SJi tv...™^*" * ""P^«* instruction system. 

IJiL„t« 8"«"lly mcludts ssven co»pon.nt«: the teacher, tne 
students, a texbook when avalUble, che curriculum guide, laboratory 
sheets, apparatus, and a reference library. 



THE TEACHER 



The teacher plays the primary role In the system. This role entails 
J^lLit ^""^t developer. The teacher chooses the points to 
c^«!« n^tn should be taken to insure that the 

coverage of the subject is comprehensive. You should resist "picking 
and choosing only modules and activities that are the most interesting, 
!?«ull^i to implement. All modules and activities 

fX' encouraged to redesign or replace 

activities with your own activities that contain equivalent content. 

and\ «vf°^^''i .^^' 8^^" presentations, demonstrations, 

and asks questions about the subject matter. Safety Information, and 

l^loJ^:^l,T"T\ °' u ^"'^hlng/learinlng activities, are ' He 
responsibility of the teacher. 

Ills "o^nJrn'i^" an instruction manager. Managers plan, schedule, direct, 
and control activities. The teacher, perhaps in cooperation with 
?ie actlv?7r ''t identifying the Instructional goals 

SLnt?.^nn» . i!""^ 8"^' scheduled. Through 

III T t Z"*^ application activities students^T TdlFTcted through 
^eLh!;'?« ''"ivlties. Finally, the student T-^^ZFT and the 

teachers management is controlled through various forms of 
evaluation. Since evaluation Instruments should be designed to measure 
Jhe'teachrr." Instruments ehould \e prepared ^y 

Mchl'v^?>!^ "^^t*"^ °f the teaching/learning environment. It is 

^JditLn tnT v^'** that you create a "role playing" environment. In 
i?L 'i"^ students do tasks that simulate construction, have 

them play the role of workers, managers, and owners. For example, refer 
to a group of students as a "work crew" or "survey party" with job 
vl«:a?iJ''?H" I*'" as students who carry out assigned tasks. Help them 
li«^;JnJ!«. f "^''^ The teacher can become a job 

«Jw'l" job! °' 8°^""»««t officer, who approves the "work 

THE STUDENT 

«uden\?" ^T^TT "f?f °^ middle-junior high or high school 
students. The students will often work in groups of from three to 

loinz th« wnrJ^^r^'^i'"" '"-^^'^^ *he Lxtbook ^sslg^ents? 

doing the worksheets as homework, and completing the activities. 



THE TEXBOOK 



tJ^llt f """^^^'^ the course and each student should 

have one. A textbook contains the body of knowledge about industrial 
uechftology. It should be selected to meet the appropriate reading 
Uvel. and be written in an Interesting way with numerous illustrations. 



THE CDRRICULUM GUIDE 



The curriculum guide is to be used to help plan your instruction. The 
Introduction consists of a structure for the content and a description 
of an instructional system with suggestions on how to use it. 

The remainder of the curriculum guide briefly describes the modules. 
Each module consists of an introduction, objectlveCs) , and a description 
of the activities. The description of the activities includes a 
schedule, presentation titles, a?plicati;,n activities, and presentation 
titleP, references, and safety guidelines. Suggestions for getting 
prepared and carrying out the activity tre found in the teacher activity 
sections. ^ 

Suggestions for a variety of optional activities may also be four..-' 
throughout the curriculum guide. 



THE /PPARATUr 



Often the course guide contains plans for specialized apparatus useful 
T"v* placed with the activity in 

which they are used. You can use the drawings no construct the apparatus. 

THE REFtRENCE LIBRARY 

Some courses require student reference books. Vhe titles of these are 

Included in the reference library and copies should be purchased for 

laboratory use. *^ 

DAILY LESSON PLANS AND EVALUATION 

The planning of daily activities and an on going evaluation system are 

.7//"^°^^^''"^'^ """^ rightfully so. Each student should 

ttTi^lll^Vi """^ presentations to insure they help students develop 

1.1 AtlTJ'i/i *=?°"P'« ""i-'i" local conditions. The curriculum guide 
was designed to help you, the local professional, present a relevant, 

exciting course. Good luck! i.cj.cvaui., 
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This oourse is designed to provide an understaiviing o£ sanufacturing materials 
and processes. Its primary concerns are the diaracteristics and properties of 
industrial materials and the processing (coaveraion) of industrial materials 
into consumer and industrial goods. A process can be defined as the 
conversion or transmission of materials, energy, or information; or the 
tran^x^rting of materieds, humans, and/or madiines from one physical locaticxi 
to another. Materials are coBWonly ref^^red to as any matter in the form of 
solid, liquid, or gas. However, this introductory course is primarily 
concerned with the investigation and evaluation of four solid engineering 
materials: (1) metallics, (2) polyioers, (3) ceramics, and (4) conposites. 

A large number and wide variety of material conversion processes and materials 
are used to produce the consumer goods and industrial products of modern 
industry. Ihese materials and procesr/es mi^t include: steel, aluminum, 
copper, pine, rubber, polystyrene, glass, cement, drilling, reaming, sawing, 
milling, printing, curing, stapling, bending, pouring, etc. But, this 
unending list of materials and processes presents a problem v^n trying to 
study and understand manufacturing saterials and processes. Vlhich materials 
and processes should be studied? Also, how can students prQ>are to understand 
and conprehend new and future industrial materials and processes. 

The study of individual, isolated materials and processes is sometimes 
difficult and unsatisfactory. The study tends to esnphasize the differences 
among individual material conversion processes and materials; and fails to 
examine the many similarities that exist between them. By placing the 
eirphasis on the learning of facts and isolated skills, the task is endless, 
many times naitransferable, and less than satisfactory. 

A more promising roeth i for the study of manufacturing materials and processes 
is in the study of the ccxKiepts, principles, chcuracteristics, and 
classifications of industrial materials and processes. 



OGNCEPTS AtJ) OASSEFICKnGNS CF MKEERIAL OHVEHSIGN 

To aid in the investigation of secondary operations (material conversion), a 
conceptual model of material conversion is used to analyze and describe 
processes used to convert raw materials into finished products. The concept 
identifies and descri'^s four (4) different material conversions or changes: 

1. separation of materials 

2. addition of materials 

3. contour diange of materials 

4. internal change of materials 
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After gadning a working kncwledge of the naterial oonversicn ocncept, students 
diould be able to use the conoept to suqpport the development of inderstanding 
of current naterial ccnversicn processes, and as a tool to guide future 
learning* 

A classificaticn syotem is 2dso used to iinprove the learner's understanding of 
industried manufacturing processes* Tt>roug^ t3ie use of this classification 
system it is possible to grotp hundreds of aaniif acturing processes into seven 
(7) industrial classifications* These classifications are as follows; 

1* GBttting-^terial conversion processes whereliy iateried is liquified and 
then introduced into a mold cavity. After solidification the casting is 
extracted* 

2* Fondiig— processes change a material's size or shape, but not volume. 
Material conversion takes place by the application of force between the 
materials yield and fracture points* 

3* Mcdbding— material conversion processes vAiich diange the size or shape of a 
material by applying force to a pliable, semi-solid, granular, or powdered 
material* 

4* Separating — naterial conversion processes whidi remove material for the 
purpose of changing its size, shape, volume, and/or surface finish. 

5* OonditiGnixig — material conversion processes used to change a material's 
characteristics or properties by applying thermal, mechanical, chemical, 
and/or electromagnetic energy to the material being converted* 

6* Asscifaly— material conversion processes used to semi- or permanently join 
two or more materials or parts together* 

7* Finishing^material conversion processes used to inprove, protect, 
decorate, and/or change the properties of a materisLL's surface* 

In this course each of the above classifications if a major body of content. 
It is through the scudy of the coranon principles of each and the performance 
of related laboratory activities, that understanding is developed and 
reinforced* 
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Solid materials occncnly referred to as engineeting materials can be groi:ped 
into four material families: (1) polymeric^ (2) metallic^ (3) ceramic^ 
and (4) oocposite. Each of thase materials has certain properties and 
characteristics that are dependent uqpcn the material's chemical and physical 
structure. Polymer materials are often subdivided into two subgroi^: 
(1) natural (wood) and (2) synthetic (plastics)* Metallics are traditionally 
groaped into ferrous and ncnferrous. Staie, cement^ glass, clay# oxides, and 
Ccarbides, are all tjpes of ceramic materials. Ccqposite materials can be 
groi?)ed according to their physical structure: fiber, particle, laminate, 
•flake, and filler. In this course, the nature, oonposition, properties, and 
characteristics of materials will be discussed and investigated through the 
use of destructive and ncn-destructive techniques. 

caiBSR asiBzr 



The content of I^ufacturing ^feterials and Processes is ooitered around 
manufacturing input, primary and seocndary processes, the concept of material 
conversiai, families of industrial materials, and classifications of 
manufacturing processes. Care siiould be taken to ensure that each conc3ept, 
principle^ or understarxding, is thoroughly understood before proceeding to the 
next, because of the necessity to build a strong knowledge base in each area. 
Each tqpic should be introduced to students using a broad array of exanples, 
placing major emphasis on the concepts and principles xxid^r discussion, rather 
than the individucil processes or materials that are used as exaitples, and to 
reinforce the ccxitent. 



OXIRSE EESCRIPnCN AND OBJECFIVBS FOR MMilFACIURING 
WaSORLS MSB) FKXESSES 



Ihis course provides students with an introduction to (1) the properties of 
materials — metallic polymeric, ceramic, and composite, and (2) the 
manufacturing processes — casting, forming, separating, conditioning, 
assembling, and finishing used to convert these materials into industrial and 
consumer products. 
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Esqperienoes and activities of this oourse will enable the stucSent to: 

!• Develop an understanding of the rolv<^ 2jid f-uncticn of manufacturing 
mterietls and processes in industry and tedinology* 

2« Develop ccnceptued fraxneMcrks xihat add the understanding, applicaticni and 
transfer of current and future manufacturing materials and processes. 

3« Develop and reinforce the understanding of ttte properties and 
ciiaracteristics of manufacturing materiads and processes throu^ 
participaticxi in *Tiands-cn" laboratcry-oentered learning ejq^eriences. 

4. Develop a knowledge based on whicSi social and environmoital decisiau, can 
be made regarding the importance and selection of manufacturing materials 
and processes used in the developngnt and production of industrial and 
consumer goods. 

5. Apply problon-solving and organizational skills to the investigation of 
indust-^ial materials and processes. 
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Bmbet Title and Content (Days) 

1 Manufacturing Materiails and Processes 8 

Manufacturing input and output 
T^pes of processes 
Manufacturing materials 

2 Nature of Manufacturing Materials 7 

Types of materials 
Properties of materials 

3 Testing Materials 15 

Types of material tests 
Testing procedures 

Conducting tests and reporting results 

4 Casting and Molding Materials 9 

Principles of casting and molding 

Performing and evaluating casting and molding processes 

5 Forming Materials 9 

Principles of forming 

Performing and evaluating forming processes 

6 Separating Materials 13 

Principles of ^^arating 

Performing and evaluating separating processes 

7 Conditioning Processes 4 

Principles of cxaiditioning 

Performing and evaluating conditioning processes 

8 Assembling Processes 7 

Principles of coiditicmng 

Performing and evaluating assembling processes 

9 Finishing Processes 5 

Principles of finishing 

Performing and evaluating finishing processes 
10 Evaluating and Analyzing Products 4 




ODURSB (JUNUVr 



I. Introduction to »feuiu£acturing Prooesses and Materials 
A. Managing 

B* Sys* ' and conoepts of sanufc^^uring prooesses and materials 

C. K . oonversion prooesses 

D. Ma^ .x^vi dieuracteristics and properties 

II. Manufacturing Ir^ts 

A. Material 
1* A^pes 

2. Systems 

3. Properties 

4. Service requiresnents 

5. Source 

a« Direct 
b. Indirect 

B. EL'iergy (tjpes and sources) 

1. Mechanical 

2. Thermal 

3. Electrical 

4. Radiant 

5. Nuclear 

6. Sources (solar ^ food/fuel, wind, water, geotherinal, nuclear # 
chemical potential) 

Informaticn 

1. Elements of informawicn 

a. Signails 

b. Symbols 
c« Codes 

d. Noise 

e. Entropy 

2. Signals 

a. Analog (ccntinuous) 

b. Digital (discrete) 

c. Mixed 

3. Symbols (seraatic/ symbol. j# figural) 

4. Codes (meaning, efficiency, redundancy) 
5* Information ccnversicn and control 

a. Generating 

b. Transmitting 

c. Transducing 

d. Sensing 
e« Receiving 

f. Media 
g« Noise 

h. Feedbadc 
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6. Infoonaticn sampling 

a* Sensors 

b« Transducsrs 
7« Inforaaticn in produc.ticn (process, handling, oontrdl, 

cybernation, and feedback) 

8. OocDunicaticn participants 
a* Human to human 

b. Human to sadune 
c» Machine to machine 
d» Machine to human 

9. Knowledge 

a. Technical 

b. Scientific 

c. Humanities 
d* Formal 

Machines 

1. Tools, machines, and mechanisms 

2. Types of machines 

a* Energy oonversicn 
b» Material conversion 
c» Information conversion 
3* Machine ir^ts and outputs 
a* Energy 

b. Information 

c. materials 

4, Machine functions (processes performed by) 
a* Transmit 

b* Transport 
c* Convert 

5, Machine systems 

a* Support and cover 
b* Energy transmission 
c* Guidance and control 
6* As converters 

a* Mechanical — ^physical, pneumatic, hydraulic, sonic 
b* Other — chemical, thermal, electric, magnetic, radiant, 
nuclear 

£• Processes (material conversion) 
1* Contour changes 
2. Separation changes 
3* Addition changes 
4. Interral changes 
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F. Human 

1. Social influences 

2. Psydiological influences 

3. Bionechanical influences 

4. S/stems 

a. Managerial 

b. Scientific/ technical 

c. Office/clerical 

d. Worker/operative 

G. Finance 

1. Debt 

2. Equity 

H. Capital 

1. Plant 

2. Equipment 

III, Manufacturing Outputs 

A, Raw mater 'vals 
!• State 

a. Liquid 

b. Gas 

c. Solid 
2. Properties 

a. Mechanical 

b. E^sical 
Chemical 

d. Thermal 

e. Electrical and magnetic 
£• Optical 

g. Acoustical 

h, Riysicochemical 

B. Industrial manufacturing goods 
!• Types 

a. Polymeric 

b. Metallic 

c. Ceramic 

d. Coiip:)site 

2. Systems 

a. Monolithic (basic and natural) 

b. Material systems 
c* Dynamic materials 

3. Properties 

a. Mechanical 

b. Hiysical 

c. Chemical 

d. Thermal 

e. Electrical and magnetic 
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Optical 
AoocBtical 
Rrysioochemical 
C« Finished goods 
1« Cleispes 

Consumer 
b.^ Industrial 
c/ Military 
2. User selection criteria 

a. A^opearanoe 

b. Function 

c. Economic value 

d. Status value 

e. Environmental inpact 
Service requirenaents 

Other outputs 

1, Scrap 

a. Recyclable 

b. Waste 

(1) Hazardous 

(2) Notlhazardous 

2. Pollution 

a. Air 

b. Water 

c. Land/soil 

d. Ecccycle 
e« Noise 

IV. Primary Processes (Extracting) 

A. Drilling 

1. M&thods 

a. Cable tool 

b. Rotary 

2. Extracting materials 
a. Energy drive 

Punping 

B. Harvesting 

1. Selective cutting 

2. Clear cutting 

3. Picking 

4. Filtering 

5. Other 
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C. Mining 

1. Placer (panning) 

2. Dredging 

a. Floating 

b. Drag line 

3. Open pit 

4. Strip 

5. Quarry 

6. Underground 

a. Lc-el and shaft 

b. Room and pillar 

c. Precipitating 

d. Leaching 

e. Frasch 

£• Drag line 

7. Other 

a. Evaporation 

b. Electrolysis 

D. Concentrating — through separation of undesirable materials 



V. Primary Processing (Odier) 

A. Thermal processing 

1. Smelting 

2. Distilling 

3. Evaporating 

B. Chemical processing 
1. Oxidizing 

2# Reducing 

C. Mechanical processing 

1. Slicing and shearing 
2# Crushing and milling 

3. Cutting 

4. Screening 

5. Floating and sedimenting 

6. Filtering 

D. Electrical processing 

1. Magnetic s^arating 

2. Electrostatic separating 

VI • Concepts of Material Conversion 
A. Separation changes 

1. Separation with a wedge 

a. With a chip— machining 

b. Without a chip—shearing 

2. S^aration without a wedge 

a. With a chip 

b. Without a chip 

3. Separation with and without force 
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Contour cihanges 

1. Preparation of material 

2. Contouring device 

3. Introduction of the material into the contouring device 

4. Contouring force 

5. Material deformation and/or solidification 

6. Removal of the material from the device 
Additiai changes 

1. Mixing 

2. Adhesion 

3. Cohesion 

4. Mechanical linkage 

5 . Weaving/ interlacing 
6r Magnetic 

7. Co-cure 
Internal changes 

1. Material characteristics 

2. Desired material characteristics 

3. Conversion processes 

a. Thermal 

b. Mechanical 

c. Magnetic 

d. Chemical 

e. Optical 

f. Acoustic 

g. Electrical 

4. Characteristics cjbtained (properties) 

a. Mechanical 

b. Physical 

c. Chemical 

d. Thermal 

e. Electrical and magnetic 

f. Optical 

g. Acoustical 

h. E^iysicochemical 

VII. Industrial Classification of Manufacturing Processes 
A, Casting principles 

1. Preparation of the material 

a. Heat 

b. Dissolve 

c. Mix 

2. Prepare cavity (mold) 

a. Permanent 

b. Expendable 




C. 



D. 
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3* Introduce material 
a* Gravity 
b» Pressure 

4. Solidify mterial 
a* Oobling 

b. Oiemioal reaction 
c* Other 

5. Extract laaterial 
a* Destroy 

b* Open 
B* Molding tediniques include 
1* Injection molding 
2* Blow molding 
3* Extruding 

4. Coripression molding 
5* Rotational molding 

6. Cold molding 
C* Forming principles 

1» Material 

a. Ifot 

b. Cold 
c* Other 

2. Shaping device 
a. Open die 
b* Closed die 

c. Mated die 
d* One piece 
e. Roll 

3. Contouring force 
D* Separation principles 

!• Types 

a* Shearing 

b* Machining 

c • Ndritradi t icnal 
2* Cutting tools 

a* Single point 

be Multiple point 
3* Tool or material motion 

a. Linear 

b* Reciprocating 

c* Rotary 

d. Stationary 
4* Coolant 

5. Material and cutting tool sijpport 
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E. Oonditiaiing principles 

1. Characteristics or properties desired 

a. Mechanical 

b. Hij^sical 

c. Chemical 

d. Ihemal 

e. Optical 

£• Acoustical 

g. Fh/sicochemical 

h. Processing 

i. Environmental 

2. Structure to be converted 

a. Atomic (bonding) 

b. Crystal 
c- Molecular 

d. Micro-nacro 

3. Conversion processes 

a. Themal 

b. Mechanical 

c. Chemical 
Acoustical 

e. Optical 

f- Electrical 

4. Characteristics or properties obtained 

a. Mechanical 

b. E^iysical 

c. Chemical 

d. Thermal 

e. Optical 

£. Acoustical 

g. E^Tysicochemical 

h. Processing 

i • Environmental 

F. Assembling techniques 

1. I4ixing 

2. Joining 

a. Adhesion 

b. Ccihesicn 

c. Mechanical 

3. Weaving 

4. Magnetic 

G. Finishing principles 
1. Select finish 

a. Coating 

b. Conversion 
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2. Prepare material for finishing 

a. Mechanical 

b. Qiemioal 

3. ^pply finish 

a. SJ>rayix>g 

b. Dipping 

c. Plating 

d. Rolling 

e. Brushing 

f. Pouring 

VIII. Manufacturing Materials 

A. State 

I. Solid 
2« Liquid 
3. Gcis 

B. Types (aigineering materials) 

1. Polymeric 

a* Natural (wood) 

(1) Structure of wood 

(2) Properties of wood 

(a) Moisture 

(b) Specific gravity 

(c) Physical properties 

(d) Mechanical properties 

(e) other properties 
b. Synthetic (plastic) 

(1) Structure of plastic 

(a) Thermoset 

(b) Thermoplastic 

(c) Elastcciers 

(d) TyP^s oZ polymer chains 
[1] Linear polymer chains 
[2] Branched polymer chains 
[3] Cross-linked polymer chains 

(2) Properties of plastics 

2. Metallic 

a. Ferrous and nonferrous 

b. Metallic structure 

c. Metallic properties 

3. Ceramic 

a. Paw materials and structures 

b. Ceramic properties 
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(1) Stcne 

(2) Cement 

(3) Glass 

(4) Clay 

(5) Oxides 

(6) Carbides 
4. Gonposite 

a. Structure of 

(1) FiLer 

(2) Particle 

(3) Laminate 

(4) Flake 

(5) Filler 
C. Nature of materials 

1. Atomic theory 

2. Bonding 

a. Covalent 

b. Ionic 

c. Metallic 

d. Van der Walls fOi^ces 
3- Crystal structure 

4. Macro- and microscopic structure 
D# Material systems 

1. Monolithic materials 

a. Natural 

b. Basic 

2. Systems 

a. Conposites 

b. Diffusion 

c. Fiber reinforcing 

d. Alloying 

e# Powder contacting 

f. Sandwiches 

g. Cladding 

h. Bonding 

i. Coating 

j. Laminating 

3. Dynamic materials 

a. E;q>anding 

b. Metamorphic 

c. Functional 

E. Material characteristics and properties 
1. Mechanical (static and dynamic) 

a. Tension 

b. Oonpression 

c. Shear 

d. Stiffness 
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St Iclo u X CI 


£. 


Plasticity 


g- 


Ductility 


h. 


Brittleness 


i. 


Hardness 


j- 


Creep 


k. 


Fatigue 


I. 


Torsion 


m. 


Flexure 


n. 


Endurance 


Elxysical 


a. 


Dijoensicns 


b. 


Density or specific gravity 


c. 


Porosity 


d. 


Moisture content 


e. 


^facrostructure 


f. 


Microstructure 


9' 


Permeability 


h. 


Weic^t 


i> 


Volume 


3' 


Surface texture 


k. 


Absorption 


I. 


Color 


Thermal 


a. 


Specific heat 


b. 


nienno expansion 


c. 


Thermo conductivity 



d. "nierroo electric 

4. Chemical (properties of coipositicn and structure effect) 

a. Acidity or alkalinity 

b. Corrosion 

c. Toxidity 

d. Oxidation 

e. Environmental attack 

f . Electrochemical corrosion 

g. Water absorption 

h. Reactivity 

5. Electromagnetic 

a. Conductivity 

b. Magnetic permeability 

c. Di*-electric properties 

d. Galvanic action 

e. Wave transmission 
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6> optical 
a. Color 

b« Li^t transmission 
c« Reflection 
d« Absorbent 
e« Transparency 

f, Refractivity 

g. Luminescence 

(1) Fluorescence 

( 2 ) Riosphorescence 
E^iotoelectric 

i • E^iotoelastic ity 
?• Acoustical 

a. Transmission 

b. Reflection 

c. Absorption 

8, Physioochemical 

a. Water absorption 

b. Water repellent action 

c. Shrinkage and swelling due to changes in moisture oc^tent 

9, Processing 



a. 


Madhineability 


b. 


Formability 


c. 


Weldability 


d. 


Castability 


e. 


Drawability 


f. 


Fini stability 


g- 


Joinability 


h. 


Toolability 


i. 


Fuseability 


j* 


Forgeability 


Environmoital 


a. 


Abrasive 


b. 


Chemical 


c. 


Tenperature 


d. 


Weathering 


e. 


Insects 



F. Service requirements 

1, Integrity of shape 

2, Strength 

3, Integrity of structure 

4, Service life 

5, Special functions 

6, Formability 
?• Cost 

8, Environmental effects 
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G. Material testing 
!• Destructive 

a. Tensile 

(1) Stress/strain curve 

(2) Proportional limit 

(3) Yield point 

(4) Ultimate strengOi 

(5) Breaking strength 

(6) Other 

b. Ooqpressicn 

(1) Cocpressicn strength 

(2) Length to diameter ratio 

c. Flexure 

(1) Flexure strength 

(2) Types of tests 

d. Iiqpact 

e. Fatigue 
£. Creep 
g. Torsion 
h- Shear 
i. Other 

2. Nondestructive 

a. Visual 

b. Radiographic 

c. Magnetic 

d. Electrical 

e. Ultrasonic 

f. Acoustic 

g. Liquid penetrant 

h. Ed(^ current 

i. Other 

3. Connnon testing apparatus 

a. Universal testing nachine 

(1) Tensile 

(2) Qxpressicn 

(3) Flexure 

(4) Shear 

(5) Other 

b. Iirpact tester 

(1) Izod 

(2) Charpy 



^0 
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c. Fatigue tester 
d« Creep tester 
e. Hardness tester 

(1) Briiiell 

(2) Rockwell 

(3) Vickers 

(4) Scratdi 

(5) Moh 

£• Radiographic tester 
g» Ultrasaiic tester 
h» Eddy current tester 
i. Acoustic tester 
j« Liquid penetrant tester 
k. Magnetic flux tester 
1. Other 
4* Test variables 

a. Loading methods 

(1) Static 

(2) Oyt^mic 
b» Tenperature 
c, Acci^racy 

d» Procedure 
5» Stress/strain 
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MXUI£: 1 : Manufacturing Materials emd Prooesses 
LBXjTH: 8 DMfS Manufacturing CUJSTER 

mis module is designed to provide an introduction to manufacturing materials 
and processes. Its primary com ems are the characteristics and properties of 
industrial materieds and the prc^ssing (conversion) of industrial materials 
into consumer and industrial goods. A process can be defined as the 
conversion or transmission of materisilsi energy, or information; or the 
tran^orting of materials, humans, and/or machines from one fi^sical location 
to another. Materials are oonraonly referred to as any matter in the form of 
solid, liquidi or gas. However i in this module you will be primarily be 
concerned with the investigation and evaluation of four solid engineering 
materials: (1) n^tallics, (2) polymers, (3) ceramics, and (4) cooposites. 

Manufacturing prooesses fall into two general categories: (1) primary 
operations I and (2) secondary operations. Primary operations are those 
prooesses which remove a material from its natural state and/or process 
into raw or basic materieds. Exanples of primary operations include: 
reduction of iron ore into iron, sea water into magnesium, timber into lumber, 
and synthetic chemicals into plastics. Such operations supply the raw or 
basic materials used in the manufacturing of industrial and consumer goods. 

Secondary operations are those material conversion processes applied to basic 
materials. Exanples includes milling, case hardening, drop forging, 
investment casting, sawing, riveting, etc. (Note: In a less formal sense, 
some engine'srs consider initial cutting or forming processes to be primary 
operations, and those processes that follow, as secondary. As an exanple, 
drilling a hole might be considered a primary operation, while the reaming or 
tapping of this hole would be a secondary one. ) The introduction and stu<^ of 
secondary operations and basic engineering materials will be the focus of 
this module. 



OQNCEnS OF MOERIAL OCNVESSKH 

To aid in the investigation of secondary operations (material conversion) , a 
conceptual model of material conversion will be used to analyze and describe 
the potential conversion prooesses that can take place when converting a 
material, from its raw state, to a finisihed product. This conceptual model of 
material conversion ident?fies and describes four different raateri€d 
conversions or changes: 

1. separation of materials 

2. addition of materials 

3. contour change of materials 

4. interml change of materials. 
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SflparaticD of MeiterialB 

Separation processes change a material renoving aoterial from the base or 
parent material for the purpose of changing the size, 8ha{)e, voLume, and/or 
surface finish of the base or parent nateried. There eure tiiree different 
types of separation processes. Ihey arei 

1« wedge/no diip (3hearing)~ the removal of material by a wedge cutting 
actxcn vixth no loss of material (example— shearing) 

2. wedge/chip (mac^himnq)* ^^ removal of materiel by a wedge resulting in 
the generatxcn of a diip (exanple— drilling* chip having no inmiediate 
value) 

3. non-traditional~ the ranoval of material without using conventional 
machining (wedge) machining forces (exanple— flame cutting). 

Addition of Ifaterials 

Addition processes result in the semi-permanent ly and/or permanently joining 
together of two or more materials. Addition processes typically can be 
grotped under the following categories: adhesion, cohesion, co-cured, 
interlacing, mechanical, mixing, and magnetic. 

Oontour Change of Materials 

Contour processes change the shape, but not the volume of a material. There 
are three generad tjpes of industrial contour processes — casting, forming, 
and molding. 

Internal Change of Materials 

Internal processes result in a change in the material's molecular or chemical 
structure. These changes in the material's chemical or molecular structure 
affects and/or determines the material's characteristics and properties* 
There are four generad types of internal material conversion processes: 
(1) thermal, (2) chemical, (3) electromagnetic, and (4) mechanical. These 
changes are usually used to inprove the material's performance and/or 
conversion characteristics* 
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In ord^ to isprove the understanding and teadiing of manufacturing processes, 
it is possible to group hundreds of laanuf acturing processes under seven 
industrial classificaticns, Eacii classification will be introduced and 
e3q>anded upon in this module* Ihese classifications are as follows: 

1. Casting~ inaterial conversion processes Whereby material is liquified and 
then, introduced into a mold cavity. After solidification the casting is 
extracted, 

2# Forming— processes change a material's size or shape, but not volume. 
Material conversion takes place by the application of force between the 
material's yield and fracture points* 

3, ftolding— material conversion processes vAiidi change the size or siiape of a 
material by applying force to a pliable, semisolid, granular, or 
{.ordered material, 

4, Separating— 'material conversion processes vAiich remove material for tti^ 
purpose of changing its size, shape, volume, and/or surface finish. 

5, Conditioning — material conversion processes used to change a nccerial's 
characteristics or properties by applying thermal, mechanical, chemical, 
and/or electranagnetic energy to the material being converted, 

6, Assembly— mater ia 1 conversion processes used to semi- or permanently join 
two or more materials or parts together, 

7, Finishing — material conversion processes used to improve, protect, 
decorate, and/or change the properties of a material's surface. 



MAIERL^ CHARACIERISriCS 

Solid materials conroonly referred to as engineering materials can be grouped 
into four classiiications: (1) polymeric, (2) metallic, (3) ceramic, and 
(4) coraposite. Each of these materials has certain properties and 
characteristics that are dependent upon the material's chemical and physical 
structure. Polymer materials are often subdivided into two subgroups: 
(1) natural (wood), and (2) synthetic (plastics), Metallics are traditionally 
grouped into ferrous and notiferrous. Stone, cement, glass, clay, oxides, and 
carbides are all types of ceramic materials, Conposite materials can be 
groqped according to their physical structure: fiber, particle, laminate, 
flake, and filler. 
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When introducing engineering materials topics such as atonic theory, bonding 
and structure should be discussed. Destructive and noridestructive tests 
can be used to deioonstrate material properties and cdiaracteristics such as: 
mechanical, ph/sical, thenoal, diemical, elactrcaagnetic, optical, acoustical, 
fhysioochemical, processing, service, and environaBntal. 

Ihe content of this raodijle should be centered around primary and secondary 
processes, concepts of material conversion, families of industrial materials, 
manufacturing ir^ts, and seven classifications of manufacturing 
processes. Care should be taken to ensure that each concept, principle, or 
understanding is understood before proceeding to the next because of the 
necessity to build a strong knowledge base or foundation in eadi area. 
Introduce the student to each topic using a broad array of exaiqples. 
Principle emphasis should be placed on the concepts and principles under 
discussion, rather than the individual processes or materials that are used as 
exainpl^o, and to reinforce a>e content. 
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Upon conpleting this learning module, each studatt should be able to: 

1. Define and describe a process. 

2. Identify four different engineering materials. 

3. Define and give exasples of primary and secondary operations. 

4. Id&xtify selected manufacturing materied conversion processes and 
describe the conceptual processes used in each identified process* 

5. Define and describe the seven classifications of manufacturing 
processes. 

6. Ideitify and describe the four basic types of engineering materials 
and their subgroups. 

7. Identify and describe selected naterial characteristics or properties and 
potential methods used to evaluate or measure them. 

8. Discuss the irtpacts resulting frcHn the extraction, processing i and 
utilization of manufacturing materials and processes on the environment 
and society. 

9. Be aware of the relaticnship(s) among product functicn, material 
selection, and material processing. 

10. Conpare and describe selected material conversion processes. 

11. Identify and describe the interrelationship of the manufacturing input 
of materials, energy, information, machines, processes, humans, finance, 
and capital. 
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1 Intrcxiuction to manufacturing materials and processes* 
1« class orientation 

2. description of manufacturing ir^ts, systems, and out^ts 

2 Introduction to and discussion of manufacturing processes and 
mater ied families. 

1« industrial classifications of manufacturing processes 
2. engineering mater iads 

3« demcnstraticn of mater ied properties and characteristics through 
egg drop container activi^ 

3 In-class time to design, engineer, e^id fabricate egg drop container* 

4 Conduct egg drop container activity* 

Discussion of material properties that are favorable and unfavorable 
to design of the container. 

5 Introduction to and discussion of the concepts of material 
conversion. 

1. addition of materials 

2. contour changes 

3. separation of materials 

4. internal changes. 

6 Introduction to and discussion of the industrial classifications of 
manufacturing processes. 

Casting, molding, separating, conditioning, assembling, forming, and 
finishing. 

7-8 Introduction to and discussion of "concept frame activity." 
Development of concept frames. 
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0 Before you introduce this module^ select and/or develop the media 
and materiads necessary to si©port your instruction. 

Develop an assignment sheet with a description and specific 
instructions for the '^ootxsept frame activity/' 

Obtain the necessaury supplies and materials that will assist the 
students in ccnpleting their assignments* 

Identify^ develop^ and/or test equipment and procedures that will be 
used to demonstrate properties and characteristics. 

1 Conplete administrative duties required to start a class. 

Introduce the Manufacturing Materials and Processes Course by 
briefly discussing and describing: 

1. manufacturing inputs^ systems^ and out^xat 

2. primary and secondary processes 

3. manufacturing processes 

4. manufacturing materials. 

Orient the students to the rules and regulations of the school and 
d^artment. 

Discuss subjects such as: attendance requirements, safety 
procedures, methods of evaluation, course objectives and goals, 
prc^xDsed course activities and e^^riences, etc. 

2 Introduce etnd discuss manufacturing processes and manufacturing 
materials. Identify, describe, and give exanples of the basic types 
of manufacturing processes: 

1. casting and molding 

2. separating 

3. forming 

4. conditioning 

5. assembling 

6. finishing. 

Identify, describe, and give exanples of the basic forms of 
industrial engineering materials: 

1. metallics 

2. polymers 

3. ceramics 

4. oonposites. 
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Show the students a cjontainer that you have previously prepared that 
contains a raw egg. At this time, do not tell them it contains a 
raw egg. T^e that ocntainer out into the laboratory and dzop it 
from a given hei^t. Briefly talk about the materied properties, 
diaracceristics, and ccnstructicn of the container and/or materials 
frcm vAiich it is fabricated or filled with. Ojpen the container 
without showing the students the internal con<^tructicn of the 
container aand show the students that it had contained an egg. 
Remove the egg and demonstrate, by breaking it, that the egg was 
indeed raw. 

Give the stutoits a previously prQ>ared handout describing the 
criteria and rules for an egg drop contest vAiich you have developed 
to match your facility and available resources of the studeits* 
Suggested criteria might include: 

1. maximum cost 

2. maximum wei^t 

3. size 

4. who furnishes the egg. 

Also, establish a set of rules for determining the winner of the egg 
drop contest. 

3 Allow the students two ni^ts and one class period to design 

and construct their egg drop container. As students are designing 
and fabricating their oontadners, discuss with them the 
characteristics and properties of different materials that might be 
suitable and unsuitable for such a container. 

4 Have each student bring in his/her egg drop container and egg (have 
an extra si?3ply of eggs on hand just in case). Proceed with the 
contest. For those containers that exceed the maximum height 
available in your laboratory, move to a location that will allow for 
longer drops. 

During the contest students should discuss the material properties, 
characteristics, and container designs used by the students in 
class. 
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5 Discuss manufacturing prooesr ss ty introducing and describing the 
concepts of siaterial conversion. 

Hie discussion should focus on the ccntour, separation, additiei, 
and internal changes that a part and/or product must go through as 
it piiogresses from a raw material to a finished product* Several 
exanples of eadi conversion process should be used during the 
discussion. Potential exanples incliide: 

1. Using paper clips on the overhead projector and projecting 
changes on the screen; 

a. baid one paper clip (contour diange) 

b. continue to bend until it jreaks (separation change) 

c. balding causes work hcirdening (internal change) 

d. link two peper clips together (addition change) • 

2. Using two pieces of paper; 

a. fold li^tly (contour change) 

b. fold and crease (contour change — ^permanent deforraaticn) 

c. crease also causes interml change 

d. tear or cut with scissors (separation change — ^no chip) 

e. put two pieces together by folding comers (addition 
change). 

3. Using clay, playdough, or silly putty: 

a. shape it (contour change) 

b. cut it (separation change) 

c. let it dry (internal change) 

d. put two pieces together (addition change). 

Note: Use some of the playdoagh toys to deoonstrate these 
conversion processes. It not only provides for good visual 
aids, but also allows for e3K:ellent simulaticns of many 
industrial processes, which you will be studying later. 

4. Others to be identified by the instructor — including future 
laboratory activities. 

Note: As the instructor is using exanples to reinforce the 
concepts of material conversion, he/she should also identify and 
e3qplain the material characteristic? and properties that are 
being overcome or changed during the material conversion. The 
instructor should draw the students into the discussion hy 
asking them to describe what is happening to the material 
during conversion. 
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5. Have tiie students describe the addition, 8Q>arationr ccntcur, 
and intematl changes used in selected processes identified ty 
the instructor, sudi as: 
a* stapling two pieces of paper together 
b« bending a paper clip 
c« making jello 
d« sharpening a pencil 
e. nailing two boards together 
f • making a screwdriver. 

6 Introduce and discuss the industrial classificatiois of 

manufacturing processes. They includei casting, molding, forming, 
separating, assentoling, conditioning, and finishing. 

The introduction and discussion should focus on developing an 
awareness understanding of the concepts, principles, or factors 
to be considered in each identified classification (see Introduction 
to this module or the Mater ieds and Processes Outline in the 
Appeidix for details). 

7-8 Note: The "concept frame" (poster) activity described herein is a 
suggested activity. Any teacher-developed laboratory activity 
capable of providing the studoit the o^xDrtunity to demonstrate 
hisA^ oooprehension of tl¥5 introductory material may be 
substituted. 

Introduce concept frame activity. This activity encoorages and 
allows each student the opportunity to ooraraunicate to the instructor 
and others that he/she has developed an understanding of material 
presented during this introduction. 

The criteria for, or objective of the concept frame, is that it be 
capable of oommmicating to others visually, in a limited amount of 
^ce, one of the concepts, characteristics, operations, or 
classifications discussed during the introduction to Manufacturing 
Materials and Processes Course. The ooopletion of this activity 
will require the learner to oonprehend and internalize information 
preseited and then develop a visual concept frame capable of 
coKinunicating this information. The concept frame can include 
drawings, pictures out of magazines, three-dimensional objects, 
verbage, or any other madia necessary to get the message across. 
The only limitaticn is the size of the poiJterboard and the fact that 
the materials mtist be mounted on it. 
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Ihe visual will later be ncunted on a wood frame produced during a 
sq>aration activity (thus the naiae "ccnoept frame"). Suggested size 
for the posterboard on v*iidi tOie studmt will develop his/her idea 
is 11 X 14. (See Appendix.) 

Establish due date for assignment (reconinend seven days — two days 
in class and five days outside of class). 

Assist students in formulating ideas and making sketches of their 
proposed "ocnoept frame." Sketch should be a visual representation 
of what the concept frame will look like v^hen completed. It should 
deqpict vrarding? symbols/ and approximate layout of all materials to 
be used to oonnninicate the idea. Sketches should be approved before 
the student prcoeeds. 

Help students gather materials and build their concept frames. 
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MXULE: 2 : Nature of Manufacturing Materials 
LQIGflH: 2 Manufacturing OUSTER 

**Material8 are inportant for our survival and realizing our dreams. People 
use materials to make things that are needed for safety and comfort. People 
use materials to feed themselves^ build shelters^ raise cities, and journey 
across oceans and into ^ce." 

To understand technology, vfe must also understand materials. Materials are 
used to build our machines. Materials are then changed by these machines to 
make products. Materials are used to supply energy 'iiat we need for 
production, transportation and coosnunicaticn. Materials are the basic 
ingredients of technology. 

Early humans had only natural materials to work witn. Later, manufactured or 
synthetic materials were developed. (Todd, MoCory, and Todd, pp. 33-34) 

Solid, natural, and synthetic materials commonly referred to as engineering 
materials, can be groc5)ed into four families: (1) polymeric, (2) metallic, 
(3) ceramic, and (4) ooqposite. Each of these materials has certain 
properties and characteristics that axe dependent upon the material's chemical 
and physical structure. Polyner materials are often subdivided into two (2) 
subgroc5>s: (1'^ >tural (wood), and (2) synthetic (plastics). However, many 
material eng consider wojd to be a natural caat^ite^ Metallics are 

traditionall;; oed into terrous and nonferrous. Stone, cement, glass, 
clay, oxides, . carbides, are all sub-families of ceramic materials. 
Cocposite materials can be grouped according to their physical structure: 
fiber, particle, laminate, flake^ and filler. 

When analyzing the ratiire of materials, topics such as atomic theory, bcxiding, 
and structure should be investigated to further the students' understanding of 
industrial materials. To understand the nature and structure of a material, 
it is hr.lpful to understand what makes materials similar. All materials are 
made up of electrons, protons, anc? neutrons (atoms). These atoms are bonded 
(covalent, ionic, metallic, and Van der Walls Forces) together to form 
elements, molecules, oonpounds, platelets, crystals, etc., in the form of 
9ases, lic^ids, and/or solids. The type and manner in which these atoms are 
bonded together determines the properties and characteristics of a material. 
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"Ihcxisands of different naterials are used by Industry. Engineers and 
designers mist know how to ctoose the right material to make a useful product. 
In order t^ ooqpare differafit mterials ecientifioally, specific testing 
standards (ASIM) have been established* These test procedures help to 
classify materials and also help detemine where they can or cannot be used. " 
(Thcde, p. 1). Destructive and narr-destnictive tests can be used to 
investigate nany of these material properties and characteristics. Ihese 
properties include: mechani.oal, physical, thermal, dvanical, electromagnetic, 
optical, accxistical, pl^sicochemical, processing, service, and afivironmental. 

The contait of this module should be centered around the families of 
irr\istrial materials, their subgnxps, nature and atomic structure of 
materials, and their properties and characteristics. Care should be taken to 
ensure that each concept, characteristic or proper^, is understood before 
proceeding to the next because of the nee tsity to build a strong knowledge 
base or foundation in each area* Introduce the student to each topic using a 
broad array of exasples* Principle enphasis should be placed on the concepts 
and principles under discussion, rather than individual material families, 
sobgrojps, and properties* 

The module is orga^uzed to introduce the learner to manufacturing materials, 
their characteristics and properties, methods of t'^ting and inspection, and 
selection and use during the first stages of the module. IXiring the body of 
the loodule, students will be involved in several learning e;qperiences and 
laboratory activities designed to reinforce the material under discussion. At 
the end of t^ie module, the students should enter into a review session where 
they can oonpare, contrast and apply the concepts and principles developed 
during the module. 
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Upon <xi<pleting this learning module, each student should be able to: 
1* Define and describe a material. 

2. Define and describe an engineering materiad. 

3. Identify, describe, and give exasples of material cliaracteristics and 
properties. 

4. Identify and describe the atomic nature and structure of materials. 

5. Contrast and coopare the characteristics of selected industrial materials. 

6. Identify and describe the major classifications of destructive and 
nondestructive tests. 

1. Discuss the inpactCs) of producing and utilizing manufacturing materials 
on the environment and society. 

8. Be aware of the relationship(s) betweai product function, material 
characteristics and properties, material selection, and material 
processing. 

9. Identify and describe monolithic materials, material systems, and dynamic 
materials. 
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our fcnviTi 

1 Introducticn, discussion, and review of nanufacturing materials. 

1. What is an engineering material? 

2. Importance of materials 

3. Material characteristics and properties 

4. Material processing, service requiremaits, and environmental 
impacts 

2-3 Discussion of ma.teried families. 

1« Demonstration and discussion of material characteristics 

2. Daoonstration and discussion of material properties 

3. CoDpariscn of material characteristics and pr<:^)erties between 
materials and families 

4 Material idaitificaticn, classification, sorting, and labelling 
activity, 

5 Introduction and discussion of the nature of industrial materials. 

!• Atomic theory 

2, Atomic bonding 

3, Material structure 

4, Material behavior under stress 

6-7 Preparation for and presentation of student presentatiois on: 

!• Material families 

2. A particular material 

3. A particular material property or characteristic 
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0 Before you introduce this nodule: Develop or ipdate your daily 
lesson plans, generate handouts, collect examples, select the media 
and materials necessary to support your instruction, and determine 
activities ceqpable of supporting the module. 

Identify, develop, and/or test exasples, ^ipoent, and procedures 
that will be used to demonstrate or reinforce selected material 
ciharacteristics and/or properties. 

1 Introduce and revi^- naaufacturing materials. 
Define, discuss, and show examples of: 

!• a material 

2. an engineering material 

3. the importance of materials to people and technology 

4. the characteristics and properties of matericds 

5. the families or types of materied^. 

See Introduction to this module, and Material and Processes Outline 
in Appendix, and review suggested texts and references. 

Introduce and discuss the tcpics of material processing, material 
service requirements, and environmental inpacts. 

The processing discussion should focus on a material's ability to 
be: machined, formed, welded, cast, drawn, conditioned, finished, 
joined, tooled, fused, forged, molded, etc., through the 
manipulation or overcoming of one or more material projperties and/or 
characteristics^ 

Hie discussion of material service requirements should include 
topics such as: integrity of sihape; strength, service life, q>ecial 
functions, cost, processing, environmental effects, etc. 

The discussion of environmental inpacts on individuals, society, and 
environment diould include: ejqpected, desirable, unej^jected, 
undesirable. 

Have studaits collect five different materials for Day 4 
activity. 
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2-*3 Discuss material families and types* 

Beview, discuss, and give exanples of naterial families: 

!• Metallics — ferrous, nonferrous, metallic structures, metallic 
properties, etc* 

2. Polymers 

a. natural polymers — structure of wood (hardwcxxJ and softwood, 
porosity), properties of wood, wood standards and 
classifications, etc* 

b. synthetic polymers~8tructure of plastics (thermosets, 
thenooplastics, elastomers, polymer chains, linear polymers, 
branched polymers, cross-linked, polymer chains), properties 
of plastics, etc. 

3. Ceramics— raw materials and structure, ceramic properties, 
types, etc. 

4. Conposites—structure of oocposites (fiber, particle, laminate, 
flake, filler), properties of cocposites, etc. 

Discuss and explain the properties and characteristics of each 
family of materials. 

Give and/or demonstrate exanples of the following prc^rties: 

1. physical 

2. thermal 

3. chemical 

4. electromagnetic 

5. optical 

6. acoustical 

7. ph/sio-chemical prc^ities. 

(See Materials and Processes Outline in the Appendix for details.) 

Discuss and/or demonstrate exanples of mechanical material 
characteristics, sudi as tension, compression, shear, stiffness, 
elasticity, plasticity, ductility, brittleness, hardness, creep* 
fatique, torsion, flexure, and a:idurance for each family. 

4 Divide the class into grocps of three-four. Have each group 
identify the family of materials to vdiich eacii of its collective 
saEoples belong. Have each group label its sanples. 
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5 Lead discussion on the nature of materials. 
Identify^ discuss^ and give examples of: 

!• atomic theory — atans^ electrons^ periodic tahle^ electron 

shelly shell theory^ etc. 
2* atomic bonding--€2Temical activi^^ physical states, ataaic 

bending, chendcad changes, covzdent boKls, ionic bends, metallic 

bonds. Van der Walls Forces, bonds, etc« 

3. structure of materials— atoms, electrons, m ol e cu les, oan|xxiids, 
elements, solids, liquids, gases» molecular ctoins, polymers, 
platelets, crystals, materials types or families, etc. 

4. behavior of materials— under loads, to a^jplied fields, to stress 
and strain, to thermal aiergy, to chemical activity, to 
acoustical energy, environmental factors, etc. 

6-7 This module has investigated and discussed indepth the material 
families of metallics, polymers, ceramics, and oonposites. As a 
form of review, each student should prepare and give a demonstration 
that will illustrate a particular material property or 
characteristic of an identified material. The studoits' 
presentation should: 

1. idoitify the material to be used 

2. identify and describe the property or characteristic to be 
demonstrated 

3. demonstrate the idwtified material property or characteristic 
4* ^je no longer than two minutes. 

Ihis activity should be discussed at the end of Day 5. The stiadent 
should ooroe to class the next day with a material and material 
characteristic or property to be illustrated or demonstrated. Class 
time ^ould be made available during Jyay 6 for the student to 
develop and clarify hisA^r ideas with the instructor anchor plan, 
and pr^are hisA^er demonstration procedure and/or device. 

Studaits should ooroe to class on Day 7 prepared to give their 
presentation, and to answer questions regarding the identified 
material and property or characteristic, to be demonstrated. 
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M3DUI£: 2 J Testing MatteriaOs 
IBSGTSi 15 lAYS M anufacturirxi CUJSTER 

Mcdule 3 identified the significance and iapactance of industrled materials* 
AliDoet every known element is used in some manner in nodem manufacturing 
prooesses and materieds* These materials are used to make the industrial 
machines, W^ich eure in turn, used to produce industrial and consumer goods and 
services, '.'o have a thorou^ landerstanding of manufacturing and to choose the 
ri^t materied. to improve the performance of tools, machines, equipment, and 
structures, one must understand the characteristics and properties of its 
materiatls. 



Material testinr is typically divided into two categories: destructive 
and ncndestructive. In destructive testing, the epecimen is damaged during 
the performance of the test, usually to a degree where it cannot be used again 
(i.e., tensile, shear, oacpressicn, hardness, bend, etc.). Destructive 
testing, is used primarily to evaluate or determine the mechanical 
characteristics of a materied. Ncndestructive testing does not damage the 
epeciwen and is used to evaluate, locate, and/or determine internal and 
external defects, and other physical properties (i.e., thermal, optical, 
physical, acoustical, etc.). Nondestructive testing is ooomoniy referred to 
as ingjection of roeteriads and products. 

In contrast to destriictive testing, ncndestructive tests do not damage or 
destroy the specimen or product being evaluated. Uius, "any test that does 
not destroy the specimen can be clatssified as ncndestructive." Nondestructive 
tests are used primarily to identify and locate defects in specimens and 
products, in contrast to destructive tests that are used to measure or 
determine the limits of a particular characteristic. Ncndestructive tests 
seldom duplicate environmental or other stress conditions, v*iereas destnrctive 
tests, often simulate environmental conditions v*ule placing the specimen 
under stress. Althou^ commonly used to detect defects, recent technological 
developments are increasing the ability of nondestructive tests to determine 
material properties and characteristics. Common nondestructive tests 
include: visual, radiograpiiic, electrical, ultrasonic, acoustic, liquid 
penetrant, magnetic, and eddy current. (Kazanza and others, pp. 318-326) 

Liquid penetrant and magnetic particle inspection fit into production 
environments and situations requiring the inspection for surface checks on 
ncnporous materiads efficiently, because they are fast, simple, and have low 
initial equipment and training costs. Ultrasonic tests are a qiaick and 
sensitive method to measure sizes, shapes, and locations, and to determine 
variations in structure and properties of a material. Radiographic tests 
include gamma and x-ray techniques. These techniques are often ccnparatively 
costly, bull^, and inconvenient, and pose potential heedth hazards. However, 
radiographic tests have the advantage of recording, photographically, the 
exact size, sh^, and location of an internal defect within a material • 
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Upon cxnpleting this learning nxxiule, each studait should be able to: 



1. Define and describe destructive and ncnclestructive testing. 

2. Identify and describe the potential variables affecting destructive and 
nondestructive tests. 

3. Identify and describe selected material properties and characteristics 
that will affect the performance of a qpecinen or product. 

4. Identify and describe at least ten destructive and/or nondestructive 
tests. 

5. Identify, describe, and give exaiqples of how selected material 
characteristics and properties could be evaluated. 

6. Contrast and conpare the characteristics and properties of selected 
engineering materials. 

7. Perform selected destructive and nondestructive tests using student, 
teacher, and/or coranercially developed test equipment. 

8. Evaluate and determine selected naterial characteristics and properties. 

9. Discuss the inpacts of improper determination or evaluation of specimen 
characteristics and/or properties. 

10. Conpare and concrast selected destructive and ncxidestructive tests. 
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1 Introducticr. to and discussion of destructive and nondestructive 
testing and inQ)ection* 

1* Discussion of stress and strain. 

2. Discussion and demonstration of tensile and ocBopression 
characteristics and tests. 

2 Introduction to^ discussion^ and demonstration of material hardness, 
inpact characteristics^ and tests. 

3 Introduction to^ discussion^ and demonstraticn of ma^^rial shear, 
t»id, fatigue, creep, torsion, mechanical fastener, and/or glue line 
shear or cleavage diaracteristics, and testing procedures. 

4-9 Student laboratory activities related to material hardness, impact, 
shear, bend, fatigue, creep, torsion, mechanical fastener, and/or 
glue line shear or cleavage characteristics, and testing procedures. 

10 Introduction to, discussion, and demonstration of nondestructive 
material inspecticxi, testing methods, and/or procedures. 

11 Continued discussion and demonstration of nondestructive material 
inspection , testing methods, and/or procedures. 

Demonstration and assigning of laboratory activities. 

12-14 Observation of and assisting students working on rKxidestructive 
material in^)ection, testing methods and procedures. 

15 Review and summarizing of destructive and n^idestructive testing 
results and procedures. 
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PMT ACTIVITY 

0 Before you introduce this module, develop or ipdate your daily 
lesson plans, generate handouts, collect exanples, select the nedia 
and Materials nbcessary to support your instruction, and determine 
activities capable of supporting the aodule content. 

Identify, develop, and/or '^.est exaaples, equipswit, and procedures 
that will he used to dencnstrate or reinforce selected material 
diaracteristics and properties. 

DevelxDp and/or aoquir six-tai individualized, destructive testing 
laboratory activities, capable of supporting the stud^ of 
manufacturing materials. Individualized activities should be 
c^>able of Riding the learner through the activity with little or 
no assistance fro© the instructor. Destructive testing activities 
should be capable of sig^xjrtir - and developing an unaer standing of 
tJinsile, compression, inpact .ear, hardness, flexure, torsion," 
cleavage, creep, mechanical t^stener strength, characteristics, 
and on a broad selection of aigineering materials. 

Develop and/or acquire five-eigM^ individualized nondestructive 
testing laboratory activities, capable of sc^pporting the study of 
manufacturing materials. Activities should be capable of supporting 
and devsloping an understanding of ooanion nondestructive tests, 
in^>ections, and evaluation procedure s sudi as: visual inspection, 
radiographic, electrical, ultrasaiic, aooustic, liquid penetrant, 
magnetic, edd/ current, moisture content, size, shape, electrical 
and thermal conductivity, etc. on a broad selection of engineering 
materials. 

CS^tain and/or prepare materials for selected laboratory 
activities... CXI specified work days have c^ropriate laboratory 
activities set up bef<xe class is scheduled to begin. 

1 Introduce destructive and nondestructive testing, 

Idaitify v^nd discuss destructive tost variables and/or 
considerations. •.loading methods, tenperature, accuracy, field or 
latoratory, economy, and procedures. 

Introduce and discuss ASIM (American Society for Testing and 
Materials) standards for testing materials. 
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Define and discuss Li:res8 and strain. 

Describe, review, and discuss tensile and conpressica 
characteristics and testing— proportional limit, yield point, 
ultinate strength, IxeaJcing strength, tensile straigt^i^ oongression 
8tr«igth, L/D ratio. 

Discuss similaucities between ocn|3ressicn and tensile tests. 

Demonstrate tensile destructive test on a metallic material. Point 
out elongation, reduction of area, gauge length, elastic limit. 

Discuss common types of material failure vtien subjected to tensile 
loads (stresses). 

Identify ooramon products and structures that are often subjected to 
this type of stress. 

Demonstrate coitpressicn test on a ceramic or natural polymer. Point 
out brittleness, fracture, L/D ration. 

Discuss common types of material failure when subjected to 
conpression loads (stresses). 

Identify common products and structures that are often subjected to 
this type of stress^ 

Stud^ts should record the procedures and safet:^ practices 
introduced in the demonstrations, 

2 Introduce hardness and inpact testing. 

Discuss and demonstrate hardness testing, Ttxe purpose of hardness 
testing is to measure and evaluate a material's resistance to 
localized penetration or scratdiing, ihis resistance to localized 
penetration (hardness) is the result of a ooinbination of other 
characteristics such as: elasticity, ductility, brittleriess, and 
tou^iness, 

Typ^ of paiet ration hardness testers include: 

1, Brinell 

2, Rockwell 

3, Vickers 

4, Micro Hardness, 
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other types of hardness tests includei 

1. scratch—file and Mohs tests 
2* rebound. 

Identify ooaman products and structures that are often subjected to 
this type of stress. 

Discuss and demonstrate ispact testing. Inpact testing measures and 
evaluates a material vnder dynamic loads. The main purpose of this 
t^pe of test is to measure die amount of energy absorbed by a 
material during its fracture by a dynamic ispact load. The 
characteristic associated with and measured by impact testing is 
touchiness. (Exainple*— piece of steel is tougher than a piece of 
pottery because more energy is absorbed during the fracture of the 
steel than by the pottery. } 

Factors etffecting an ispact test include: 

1. the type and shape (form) of the material used 

2. the velocity and wei^t of the load striking the speciiien 

3. the conditions under which the test is conducted. 

IVpes of inpact tests include: 

1. tension 

2. charpy 

3. izod 

(Kazanas and others, pp. 297-318) 

Discuss ooramon types of material failure v^>en subjected to inpact 
loads (stresses). 

Identify ooninon products and structures that are often subjected to 
this type of stress. 

The students should record the farocedures and safety practices 
introduced during the demonstrations. 

3 Introduce shear, flexure (bend), fatigue, creep, torsion, mechanical 
fastoier, glue line, and other appropriate testing procedures and 
concepts. (See Introduction to this module and Material and 
Processing Outline in the Appendix. ) 
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Discuss and demonstrate shear, flexure, and other appropriate 
testing and evaluation oon::epts# procedures, and eqaipnent* 

Discuss and demcnstrate bend testing* Bend testing, also called a 
flexure test, is frequently perfonoed to evaluate a cross-sectional 
design rather than the strengtii of tkie saterial being used* 
However, properties such as modules of fracture, modules of 
elsisticity, deflection, and ductility of a material and/or ^>ecinien, 
can also be me£isured and evaluated* 

IVpical material specimens include: 



1* round 

2* rectangle* 

Ccnsnon tests include: 



1* free bend tests 

2* semi-guided b^d tests 

3* guided bend tests* 



Discuss common types of material failure when subjected to bend 
loads (stresses)* 

Identify ooraraon products and structures that are often subjected to 
this type of stress* 

Discuss and demonstrate shear testing* Siear testing usually places 
a specimen under strain by applying stresses (load), acting parallel 
to the specimen, but in opposite directions* These opposing forces 
cause a portion of the specimen to slip (slide) past another 
(Kazanas and others, pp* 294-305)* 

Discuss common types of material failure when subjected to shear 
loads (stresses)* 

Identify ooromon products and structures that are ooramonly subjected 
to this type of stress* 

Id&itify and discuss types of failure and products associated with 
other forms of destructive testing* 

Students should record the procedures and safety practioes 
introduced during demonstrations • 
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4 Days 4-*9 are a suggested sequence for method of cxntent delivery and 
reinforcement. Any sequence of activities developed by the 
instructor that is capable of delivering and reinforcing 
destructive testing content and objectives can be used. 

Introduce and discuss individualized destructive testing laboratory 
activities selected and developed for this nocSule (some may be 
exanples damstrated earlier). 

ISote: ReccBin^ a minioum of six activities for a groc(> of twenty 
st'jdents. Munter of reasnended actl Ities is based on the 
assunpticn that students will be vorking in gnxps of two. 
Iherefore, the possibility exists that all students will not perform 
the same activities. However, each student should ccnplete an 
identified core of activities. Rotate students through activities. 

Assign and supervise students as they begin their laboratory 
activities. 

5-9 During the beginning of class, discuss, demonstrate, and help 
students to make the necessary calculations for plotting and 
determining characteristics and properties being investigated. 

Observe and assist students working on destructive testing 
activities. 

Students -^ould work on destructive testing activities, determine 
and record results and conclusions of the activity. 

Rotate to an instructor-approved activity vA^en corpleted with the 
assigned activity. 

10 Introduce and review non-destructive testing. 

Introduce and discuss selected nondesCructive tests, inspection, 
and/or evaluation procedures, suc^ as; 

1. Visual inqjection— oldest and most widely used inspection 
techrdque. 

2. Radiographic inspectioi— basically a photographic process using 
x-rays or gamma rays instead of visible light to locate internaxl 
flaws. 

3. Magnetic particle inq>ection— detects surface and subsurface 
flaws in ferrous metals and alloys by observing the magnetic 
field whidi is disturbed by the flaws (resulting in an 
accumulation of magnetic particles). 
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4. Ultrascxxic testing— uses sound waves, beamed into the speciioen 
or product, to locate internal flaws. 

5. Acoustic emission testing— noni tors flaws or cracks as they 
develop ly "listening" to the flpecinen, product, or structure, 

6. Liquid penetrant testing— is used to detect surfaoe flaws and 
cracks through the use of a penetrant and developer. 

?• Eddy currait testing— is used to detect flaws near the surface 
by inducing an altemacdng magnetic field in the ^^ecimen, and 
then monitoring the indocod cunrent, 

Studoits should record procedures and safety practioes presented 
during demonstrations. 

11 Continue discussion of selected nondestructive tests, inspection, 
an/or ev:=\luation procedures by examining the procedures used to 
test, inspect, and evaluate material cJiaracteristics and properties 
such as; 

mcisture content 
sir«e (measuring) 
shape 
mass 

electrical conductivity 
thernal conductivity 
chemical 
optical 
density 

surface texture 
specific gravity 
macro-micro structure 
porosity 
absorption 

internal and external flaws and defects. 

Identify selected materials, characteristics, properties, and 
defects which each nondestructive procedure is oocmcnly used to 
evaluate. 

Demonstrate selected nondestructive tests, inspection techniques, 
and evaluation procedures. 

Introduce and discuss individualized nondestructive testing 
laboratory activities selected and developed for this module (sane 
may be examples demonstrated earlier). 



1* 
2. 
3. 
4. 




7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
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Note: ReoQoia^ a SEiiniiBun of ten activities for a grocp of tw^ty 
students. Nunber of reooonancbd activities is based on the 
assuapticn that students will be iccking in groups of two. 
Therefore, the possibility exists that all students will not perform 
the same activities. However, each student should ccB{>lete an 
identified core of activities. Rotate students throu^ activities. 

Assign and supervise students as they work on their laboratory 
activities. 

12-14 Observe and assist studmts working ai nondestructive testing 
activities. 

15 Review and sosmarize destructive and nondestructive testing and 

results of individualized, nondestructive test. Draw students into 
review and discussion to ensure that all students become aware of 
the concepts of all identified tests, and the results and 
conclusions drawn from those tests. Also, oonpare the results of 
identified tests that were conducted by more than one group and 
evaluate their reliability and validity. 
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MODULE: 4 : Castir^ and Molding Materials 
laxnH: 9 LK£S Mauiufacturing OUSTER 

Casting and BOlding is a classifioation of secondary manufacturing processes 
Which provides size and shape to a part by introducing a molten, plastic 
state, or pcMdered naterial, into a prepared mold and allowing or causing it 
to solidify before being extracted from the mold. Metallic, ceramic, plastic, 
ccnposite parts, and products can be produced using a variety of casting 
and molding processes. 

All casting and molding processes involve a five-step sequence. The sequence 
forms the foundatiai for a conceptual understanding and study of industrial 
casting and molding processes. These steps are: 

1» A permanent or expendable mold is prepared. 

2. 1^ material is prepared by melting, dissolving/suspending, or adding 
agents to liquids. 

3. The material is introduced into the cavity using gravity cr other forces 
(i.e., pressure^ vacuum). 

4. "n^e material is caused to solidify by cooling/freezing, drying, or 
chemical action (conditioning). 

5. Tha product is extracted by either destroying the moid or opening tlie mold 
and extracting or ejecting the part. 

The oontent for this module should be centered arocuid the ^/ariations in the 
identified five-step sequence as it is applied to casting and molding 
processes for a number of different materials. Care should be taken not to 
overeaphasize a single type of material sucii as metallics of even a specific 
type such as aluminum. Nor should all casting be made in expendable nolds 
(i.e., sand casting, into v^cii molten metal is poured.). 

Introducing students to a broad array of possibilities within eadi of the five 
steps diould be the goal of the instructor. Also, principal CTfhasis 
should be placed on the concepts within the five steps ai> opposed to the 
specific skill needed to oonplete one or two selected produces. 
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Ihe module is organized to introduoe students to the secondaory processes of 
casting and molding during the first stages of the nodule. Later in the 
nodule, each student will ccoplete several labc»ratccy-centered casting and 
nolding processes, utilizing several different aaterials. Ihese processes 
should reinforce the content and five-step sequence of casting and nolding. 
The noBter of castings and noldings conpleted will vary with tine, student 
abilities, and other similar factors. Finally, the student should enter into 
a review session Where the concepts of casting and nolding are reinforced and 
various casting and nolding processes are cxxipared and ccntreisted. 
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Upon ooopleting this learning module, each student should be able to: 

1. Define and describe casting and nolding. 

2. Describe the five-step sequence used in producing all cast and molded 
products. 

3. Describe the two types of molds used in catsting and molding material 
conversion processes. 

4. Describe the major methods used to prepare materials for introduction 
into molds. 

5» Describe ooinmon techniques used to introduce materials into itolds. 

6. Describe ways to solidify materials which have been introduced into 
molds. 

7. Describe methods of removing cast, molded parts, and products from 
e3q>endable and permanent molds. 

8. Describe the procedure to produce products using selected casting and 
molding techniques. 

9. Produce a cast or molded product or part using one or more selected 
material conversion processes. 

10. Conpare and contrast the procedures and outputs of selected casting and 
molded activities. 

11. Describe the input-process-<xitput relationship for casting and molding 
processes. 

12. Discuss the inpacts of casting and molding processes and industries on 
individuals, society, and the environment. 

13. Be aware of the careers and career ladders for enployees involved in 
casting and molding. 
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1 Introducticn to and discussion of ceisting and molding manufacturing 
processes. 

1. Casting and molding principles. 

2. Demcsnstration of casting and/or molding processes. 

2 Review and discussion of casting and molding principles. 

1. Demonstration of casting and/or molding processes. 

2. Assigning of student casting and molding laboratory activities. 

3-^ Student casting and molding laboratory activities. 

Observation of and assisting students ';«rking on casting and molding 
activities. 

5 Review and discussion of casting and molding principles. 
Demonstration of casting and/or molding processes. 

6 Denonstration of casting and/or molding processes. 
Assigning of student casting and molding laboratory activities. 

7-8 Student casting and molding laboratory activities. 

CX)servaticn of and assisting students working on casting and molding 
activities. 

9 Student casting and molding laboratory activities. 

1. Observation of and assisting students working on casting and 
molding activities. 

2. Review and discussion of casting and molding principles. 



DMT tcnvra 

0 Before you introduce this nodule, identify, develop, and/or test 
material or proluct samples, equipoent, and proced u res that will be 
used to desoistrate or reinforoe the understanding of casting and 
molding processes, and the five-^tqp catsting and molding sequence. 

Record these procedures and identify specific safety considerations 
for each* 

Give reading assignments prior to Day 1* 

Develop and/or aa]uire six-eio^t individualized casting and mDlding 
laboratory activities capable of guiding the learner through the 
activity with little assistance from the instructor* Activities 
should sqpport and develop an understanding of catsting and molding 
processes and the f ive-*step sequence used to perform them. 

These activities should use both permanent and e^q^endable molds; and 
metallic, ceramic, oaqposite, and polymer materials c Also, consider 
using materials that most be suspended, melted, and ccRpounded. 
Select processes should include activities that use force or gravity 
to introduce the material into the mold. 

Obtain and/or prepare materials for selected laboratcxy activities. 

1 Introduce cuid discuss "Casting and Molding Industrial Materials." 
This presentation should set the stage for the module, the 
introduction, and investigation of the five-step sequence of casting 
and molding. (Presentation should be 10-20 minutes in length. ) 

The five-step sequence of casting and molding material conversion 
processes is as follows: 

1. A permanent or es^jendable mold is prepared. 

2. The material is prepared by melting, dissolving/suspending, or 
adding agents to liquids. 

3. The material is introduced into the cavity using gravity or 
other forces (i*e., pressure, \acuum)* 

4. Ihe material is caused to solidify ty cooling/freezing, drying, 
or chemical action (conditioning). 

5. The product is extracted by either destroying the mold or 
opening the mold and extracting or ejecting the part. 

Etaphcisis should be plaoed on the concept of existing and molding 
rather than the ^«:ific steps needed to make a single type casting. 
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Discuso casting and molding activities to be used during this module 
and demonstrate one of these using it as an exanple to reinforce the 
principles in the five<»8tep sequence* 



2 Review and discuss the five-step sequence of casting and molding. 

Reinforce the discussion by demonstrating additional casting and 
molding activities that will be used during this module. As 
activities are being demonstrated, describe how eadi step in the 
procedure is applicable to the five*-step sequence. 



Typical activities could include: 



1. green sand casting (metal or wax) 

2. slip casting (ceramic) 

3. injection molding a part for a product to be conpleted later 
(checkers for a checkerboard^ hinges for a box, etc. ) 

4. casting a plaster (sawdust and plaster) ccn^osite plaque. 

Tiie instructor may want to divide the cleiss into groips of two-four 
students. Each group can then ooraplete a casting or molding process 
and move (rotate) to the next activity when corapleted. Each student 
should oonplete an Activity Analysis Sheet when oonpletred with an 
assigned activity. 

TTiis ni3thod of class management is suggested because no one facility 
will likely have enough equipment and material to allow all students 
to perform the same activity at the same time. Hiis will require 
the demonstration of activities in groups. One group of activities 
during the beginning of the module and a second group later. 

Students should record procedures and safety practices introduced 
during the demonstrations. 

3-4 Days 3-^ and 7-9 are a suggested sequeice or method of content 

delivery and reinforcement. Any sequence of activities developed by 
the instruccor can be used that is capable of delivering and 
reinforcing casting and molding mcdi:le oon'^nt and objectives. 

Introduce, demonstrate, and/or discuss caisting and molding 
laboratory activities selected and developed for this module. 

Students should work on the laboratory activities and prepare 
Activity Analysis Sheets. (Typical- sheets are available in the 
student laboratory manual for: Wri^t, R. T., tlinufacturing , 
Gocdheart-Willoox Co., South Holland, XL, 1964.") 
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5 Briefly (20-30 minutes) discuss five-step sequeoce of casting and 
molding processes as they relate to selected identified industrial 
processes. 

Potential processes to be discussed could include: 

1« investsent casting 

2« shell Holding 

3« ceramics molding 

4. rotational molding 

5. slush and slip casting 
6« dip molding 

7« ceitrifjigal casting 

8. die casting 

9* injection molding 
10* blow molding 
11. continuous casting 
12* coG^ressicn molding 
13 • transfer molding 
14* green sand casting 
Ij* placing concrete 
16. centrifuge* 

Student should continue with laboratory activities or view a film 
illustrating casting processes* 

6 Introduce^ demonstrate^ and discuss additional casting and molding 
laboratory activities selected and developed for this itodule. 

Enfhasize five-step sequence of casting and molding processes as 
they relate to the identified laboratory activities being 
demonstrated. 

Students should take notes on both the procedures and safety 
considerations^ and participate in the discusrion* 

7-9 Observe and assist students cis they conplete casting and molding 
activities and prepare Activity Analysis Sheets. 

Take the last 10-20 minutes of Day 9 to review and discuss casting 
and molding laboratory activities and related industrial processes. 

Discuss inpacts of casting and molding processes and indi tries on 
indi -duals, society, and the environment. 
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SPECIAL mSTtOJCnOS MATERIALS 



A castirig and molding laboratory activity aralysis sheet should be designed 
for the student: 

a. identify and describe the industrial, social/ an-^ eccnomic advantages 
and disadvantages of the identified process 

b« id&itify and describe the materials being converted 

c. identify and describe how the permanent or es^idable sold was prepared 

d# identify aixd describe how the material was prepared (melting/ dissolving/ 
SMspecidixv^t or adding agents to liquids) 

e. identify and describe how the material was introduced into the cavity 
(using gravity or other forces, exasple: pressure, vacuum) 

f • identify and describe how the material was caused to solidify (by cooling/ 
freezing, drying, or chemical action, conditioning) 

g» identify and describe how the product was extracted fron the inold (by 
either destroying the mold cr opening the mold and extracting or ejecting 
the part) 

h# record safety consideration 

i. record observationf? made during the activity and concerning the finished 
part or product. Reasons for defects dhould be considered and described. 



SPECIAL EQUIPMENT AND SUPPUJES 

1. The following materials are not required, but will provide better learning 
opportunities for the students. 

a. injection molder with molds 

b. slip casting molds and prepared slip 

c# permanent (plastic or metal) candle molds and naterials for making candles 

d. hot plate and double boiler for melting wax 

e. table tc^> foundry unit for C2isting lead 

f • materials to support tabletqp foundry unit 
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wther eqaipment, materials, and suqpplies capable of sioalating or 
scQjporting laboratory activities or discussion of casting and molding 
processes sorii as: 



1. 


investment casting 


10. 


blow molding 


2. 


eftiell molding 


11. 


continuous casting 


3. 


ceremics molding 


12. 


coapression molding 


4. 


rotaticml molding 


13. 


transfer molding 


5. 


slush euid slip casting 


14. 


green sand casting 


6. 


dip molding 


15. 


placing concrete 


7. 


centrifugal casting 


16. 


centrifuge 


8. 


die casting casting 


17. 


etc. 


9. 


injection molding 
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Suggpestad Textbooks 

Kazeuias, H. C, G. Baker, and Gregor. Basic Manufacturinq^ Processes, 
MoOraw-Hill Book Co., New York, 1981, pp. 93-104. 

Wriest, R. Hxaaas, Processes of ManufcKrtiuring , Goodheart-Willcox Co., South 
Holland, XL, 1987, pp. 43-98. 
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MODULE: ^ : Focmnq Materials 
I^IGflH: 9 ISaS Mstfiufacturing OUSTER 

Ftcming is a classification of secondary processes ^tddti pro\nd^ focxp to 
industrial materials by changing the size and shape, but not the volume o£ a 
material, tay ^ application of force between its yield inint and fractiire 
points. There are literally hundreds of industrial forming pjocesses that can 
be used to change the size and shape of industrial materials into industrial 
and consumer parts and/or products. However, all these processes and their 
numerous variables can be easily described and/or analyzed by examining three 
variables in the material conversion process. Ihese variables include 
material preparation, shaping device, and contouring force. 

Ihe content for this module should be centered around the three variables 

as they are applied to forming processes for a nuniber of different engineering 

naterials. These variables and their reUited subconpcnents include: 

!• Material preparation 

a. hot 

b. cold 

c. other. 

2. Shaping device 

a. open die 

b. closed die 

c. mated die 

d. one piece 

e. roll. 

3. Contouring force 

a. forms (i.e., hydraulic, mechanical, static, dynamic, etc.) 

b. applied between yield and fracture points. 

Care should be taken not to overen^asize a single of naterial such as 
metallics or even a specific type such as steel, nor should all forming 
processes be performed cold. 

Introducing studai*:s to a broad array of possibilities within each of the 
three variables should be the goal of the module. Also, principle 
emphasis should be placed on the concepts within the three variables as 
opposed to the specific skill needed to conplete one or two selected products. 

The module is organized to introduce students to the secondary processes or 
farming during the first stages of the module. Later in the module, each 
student will conplete several laboratory-centered forming processes utilizing 
several different materials. These processes should reinforce the content and 
^le three variables of forming processes. The nuuiher of forming 
activities completed will vary with time, student abilities, and other similar 
factors. Finally, the student should enter into a review session v*iere the 
concepts of forming processes aore reinforced, and various forming processes 
are ooqpared and contrasted. 
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1 inttoductiai to and discussicn of manufacturing forming proc e sses* 
!• forming principles and vari2a>les 

2. d^Qonst ration and discussion of forming processes and 
principles 

2 Review and discussicn of farming principles and variables, 

1, demonstration and discussicn of forming processes 

2. assigning of forming student laboratory activities 

3-4 C3cnducting forming laboratory activities. 

Observation of and assisting students working on forming activities* 
5 Review and discussicn of forming principles and variables, 

1. introduction and discussion of industrial forming processes 

2. demonstration of forming laboratory activities 

6-8 Conducting forming laboratory activities, 

Observation of and assisting students working on forming activities. 
9 Review and discussion of forming laboratory activities, 

1, discussicn of environmental and social inpacts 

2, careers and career ladders 

3, discussicn of laboratory activities, results, and related 
procedures 
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0 Before you introduce this sxDduIe, determine ac±ivities capable of 
si^:porting the module content* 

Identify, develop, and/or tect material or product samples, 
egaipment, and procedures that will be used to doBonstrate or 
reinforce the understanding of identified forming material 
conversion processes and principles* Reoord these procedures and 
identify specific safety considerations for eadi* 

Develop and/or acquire eigM^-ten individualized, forming laboratory 
activities, capable of supporting the study of manufacturing 
processes* Individualized activities should be capable of guiding 
the learner throuc^ the activity with little or no assistance from 
the instructor* Activities should be ca{>able of si^jporting and 
developing an understanding of forming material oonversion 
processes, and the principle used to describe and analyze the 
forming of industrial engineering materials* 

lliese activities should use hot, cold, and other methods of 
pr^>aring materials for processing* Selected processes should 
utilize a variety of materials to include: Metallics, ceramics/ 
ccoposites, and polymers* Processes utilizing open dies, closed 
dies, mated dies, one piece dies, or rollers as the shaping devices/ 
should be considered* Different forms of energy (contouring force) 
should also be taken into consideration vAen selecting laboratory 
activities* 

Obtain and/or prepare materials for selected laboratory activities. 

Identify and give students appropriate reading assignments before 
scheduled lectures, discussions, and/or demonstrations* 

1 Introduce and discuss •'Forming Industrial Materials*" Ihis 
presentation should set the stage for the module and introduce the 
three variables used to describe a forming process and the 
suboonponents of eacii variable* (This introduction should be 
approximately 15-25 minutes long*) 
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'Bne three variables and related subcoopcnents used to describe 
formii^ material oonversion processes are as follows: 

1. Material preparation 

a. hot 

b. cold 

c. other. 

2. Shaping device 

a. open die 

b. closed die 

c. mated die 

d. one piece 
e* roll. 

3. Contouring farce 

a. forms (i.e. # hydraulic^ mechanical^ static, dynamic, etc.) 

b. applied between yield and fracture points. 

ESijiiasis should be placed on the concept of forming rather than the 
specific steps needed to make a single kind of shape or bend. 

Discuss farming activities whidi will be used during this *Qodule. 

Reinforce the discussion fcy demonstrating one of the forming 
processes (activities) that will be performed during this module. 

As activities are being demonstrated, describe how each step in the 
procedure is applicable to the forming variables a.id their related 
bubconponents . 

IVPical activities might include: 

1. drop forging a screwdriver 

2. vacuum forming a product or part 

3. farming a part or product utilizing flexible die forming 

4. laminating a part or product using wooden members 

5. high energy rate forming of a part or product 

6. spinning a metallic part or product 

7. rolling a part or product 

8. extruding a part or product 

9. pressing a part or product. 

Students should record procedures and safety practices ii .roduced 
during the demonstrations. 
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2 Days 2-4 and 6-8 are a suggested sequence oar method of oontent 

delivery and reinforoenent. Any sequence of activities developed by 
the instructor can be used that is capable of delivering and 
reinforcing forming industrial oateriads nxxSule content and 
objectives • 

Ihe instructor may want to divide the class into gco^ of two-four 
students. Bach groi:^! as individuals, can then ccnplete a forming 
process and move (rotate) to the next aurtivit^ when oony>leted. 

Ihis method of class managenent is suggested because no one 
instructor or facility will likely have enou^ equipment or material 
to allow all students to perform the same activity at the same time, 
niis will require the demonstration of activities in groups. One 
grocp of activities during the beginning of the module and a second 
grocp later. 

Note: Reconmend a minimum of ei^t activities for a groop of twenty 
students. Nuniber of recommended activities is based on the 
assumption that students will work as individuals or in groi5>s of 
two. Therefore, the possibility exists that all students will not 
perform the same activities. However, each student should complete 
an identified core of activities. Rotate students through 
activities. 

Introduce, demonstrate, and discuss forming individualized 
instruction laboratory activities selected and developed for this 
module. 

Assign laboratory activities and have students do tneir work. Some 
activities may need to be done as homework assignments (i.e., 
Activity Analysis Sheets). 

3-4 Contiroae working ai forming activities. 

Observe and assist students as they oonplete forming activities and 
prepare activity analysis sheets. 

Rotate students throu^ additional activities. 

5 Prepare and present a discussion on forming processes and their 
related suboonponents as they relate to selected identified 
industrial forming processes. 
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Potential processes to be included in this discussicn include; 

1. pressing 

2. drawing 

3. bending 

4. rolling 

5. high energy rate forming 

6. forging 

7. extruding 

8. braking 

9. magnetic forming 

10. powder metal coqpacting 

11. flexible die farming. 

Introduce^ demonstrate^ and discuss additional forming 
individualized instruction laboratory activities selected and 
developed for this nodule. 

Eniiiaisize Jie three forming variables and their related sub- 
coqponents as they apply to the identified laboratory activities 
being dencnstrated. 

Studaits should record procedures and safety practices introduced 
during ctemonstration. 

6-8 Observe and assist students as they work cn forming laboratory 
activities and oonplete Activity Analysis Sheets. 

9 Review and discuss forming laboratory activities and other 
industrial processes not performed in class. 

Discuss inpacts of forming processes and industries on individuals, 
society, and environment. 
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A forming material cxxiversion laboratory activity analysis sheet should be 
cSeveloped Whic^ vdll cause the student to: 



a. identify and describe the inchistrial, social, and econoBiic advantages and 
disadvantages of the identified process 

b. identify and describe the material being converted 

c« identify and describe how the material was prQ>ared (heated, ocx^led, or 
other) 

d. identify and describe the contooring device (cloeed die, mated die, one 
piece die, open die, or roll) 

e. identify and describe how the product was deformed 

f . record safety considerations 

g. record observations during the activify and about the finished part or 
product. Reasons for defects should be considered. 



SPECIAL EQUIPMEZTT AMD SUPPLIES 



1. The following materials are not r^juired, but will provide better learning 
opportunities for the students: 



a. vacuum former 

b. forging or drop hammering equipment 

c. ginning equipment 

d. es^lsoicn forming devices 

e. flexible die forming equipment 

f . extrusion equipment 

g. other equij^roent, materials, and su£^lies capable of simulating or 
supporting laboratory or duscussion of forming activities/processes 
such as: 



1. b&iding 8. blow molding 

2. drawing 9. cold forming 

3. rolling 10. powder metal compacting 

4. laminating 11. swaging 

5. magnetic forming 12. coining 

6. pressing 13. dry pressing 

7. hot forming 14. ram pressing 
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KazeoiaS/ H. C, G. Baker, and Gregor, Basic Manufacturing Processes / 
McGraw-Hill Book Co., New York, 1961, pp. 144-183. 

Wriest, R. Thonas, Processes of Manufacturing, Gocdheart-Willcox Co., South 
Holland, IL, 1987, pp. 103-130. 
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MDDUI£: 6 : Separating Materials 
USHGIH: 13 EAYS Manufacturirx? CLUSIER 

S^araticxi prcxxsses are classified as seccndary material conversion prcxresses 
lAidi reaove material for the purpose of changing its size^ shape, voluma, 
and/or surface finish. SQ>aratiai processes are ^ically described as 
processes that ranove -material by producing a <aiip or a shearing action. 
Metallic, polymer, ceramic, and oonposite materials are usually processed in 
this manner during some point in the manufacturing process. In addition to 
the t^ical sq^aration processes utilizing a wedge cutting action, other 
processes conincnly referred to as nontraditional (i.e., lazer, ECM, and ECM), 
are gaining favor in tJie processing of new exotic materials and traditionally 
difficult-to-machine shapes. 

Hie study of separation processes should involve discussion of factors 
affecting separation, chip formation, types of chip, cutting tools and 
materials, tool geometry, coolants, machine motions, and cutting speeds. But, 
because there are literally hundreds of separation processes, and with new 
separation processes being developed everyday, it would be impossible to study 
every separaticxi process and variable. Therefore, this module will 
conceitrate on the concepts or common principles of material oonversioc by 
SQjaration. Ihese oomnon principles include: 

1. types of separation processes 

a. shearing 

b. machining 

c. nontraditicnal, 

2. types of cutting elements 

a. single point 

b. itwlti \e point 

c. other medium. 

3. cutting element or material irsoticn(s) 

a. linear 

b. reciprocating 

c. rotcur/ 

4. coolants. 

5. material or cutting element support. 

The content for this module should be centered around these principles as they 
are applied to separation processes performed on a number of different 
engineering materials. Ihe principles and their related subcoa?xx^nts will, 
hopefully, help the learner to understand new and unfamiliar separation 
processes, and serve eis a basis for transferring knowledge related to 
sq>aration material conversion processes. 
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Care should be taken not to overemphasize a single type of znaterial such as 
wood or even a ^)eci£xc"type such as pine, nor cSiould all separation 
processes perfonaed be of the machining classification* 

Introducing students to a broad array of possibilities within each type of 
material removal should be the goal of the module. Also, principal en?Siasis 
should be placed on the principles of separation procewes as opposed to the 
specific skill needed to oonplete one or two selected product^,. ' 

Biis nodule is organized to introduce students to the secondary processes of 
separation during the first stages of the module. Later in the module each 
student will oonplete several laboratory-centered separation processes 
utilizing several different materials. Ihese processes should reinforce the 
content and principles of s^>araticn processes. The nunber of separation 
activities completed will vary with time, student abilities, and other similar 
factors. Finally, the student should enter into a review session where the 
principles of separation material conversion processes are reinforced and 
various s^>araticn processes are ooitpared and contrasted. 
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\Jpan ooupleting this learning module, eadi student shcxald be able to: 

1. Define and describe a sq>aratian naterial oonversicn prooess. 

2. Identify and describe the five principle elements of a SQ>aratiQn 
process* 

3* Ident'fy and describe the diree t^pes of material s^>aration. 

4* Identify and describe "the three types of cutting elements used in 
s^)araticn mater ^.al iV^sion processes* 

5* Idmti and dcscixoe cne three types of cutting elements ep'^ 
material moticxi found in a separation process* 

6. Identify and describe the coolant utilized during a selected separation 
process. 

?• Identify and describe how cutting elements and industrial materials are 
supported during the conversion process in selected separation processes. 

8. Describe the proceiure to produce parts or products using selected 
separation processes. 

9* Produce parts or products using :a"ilected material conversion separation 
processes. 

10* Compare and contrast the procedures and out^xats of selected separation 
processes. 

11 • Discuss the iitpacts of separation material conversion processes and 
industries on individuals, society, and environment. 

12 • Describe the input-i>rocess-out5xat relaticnsliip for identified separation 
processes. 

13. Be aware of the cai. ars and career ladders for enplo/ees Involved in 
separaticxi processes. 
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1 Introducticn to and disojssion of separation manufacturing 
processes. 

1. discussion of separation processes and principles 

2. demonstration and discussion of s^>arating prcx^esses and 
principles. 

2 Show and discuss a film illustrating examples of industrial 
separation processes. 

3 Review and discussion of sq>arating principles and processes. 
Demonstration and discussion of separation processes and principles* 

4 Assigning and ccxiducting separation laboratory activities. 

5-6 Conducting s^>aration laboratory activities. 

Observation of cjid assisting students viking on separation 
activities. 

7-8 Review cine' discussion of separation principles and laboratory 
activities. 

1. introduction and discussion of industrial s^)aration processes 

2. demonstraticxi and discussicai of separatic»i laboratory activities 
arid principles 

^12 Conducting separation laboratory activities. 

Observation of and assisting stucSents working on sepa^ ^lon 
activities. 

13 Review and discussion of sq>aration laiJoraLory activities and 
principles. 

1. discussion of environmental and social inpacts 

2. careers axi career ladders 

3. discussion of laboratory activities, results, and related 
procedures 
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0 Before you introduce this module, develop or vqidate your daily 
les8on plans, generate handouts, collect exasples, aelec:: t>v> media 
and materials necessary to mjppcxt your instruction, and cievcniiine 
activities capable of siQsporting the scdule^s content. 

Identify, develop, and/or test material or product saioples, 
equipment, and procedures that will be used to demonstrate or 
reinforce the understanding of identified 8^)araticn material 
conversion processes and principles. Record these procedures and 
idaitify specific saiety considerations for eadi. 

Develc^ and/or acquire six-^i^t individuals (or groip) separation 
laboratory activities capable of si53porting and developing ^ 
understanding of SQ>aration processesi and the ocronoi principles 
used to describe and analyze the s^>aration of industrial 
engineering materials. 

These activities should use shearing, machining, and nontraditional 
methods of processing metallic, ceramic, polymer, and conposite 
materials. Processes that utilize a variety of cutting elements and 
and material motions should be considered when selecting separation 
laboratory activities. 

Obtain and/or prepare materials for selected laboratory activities. 

Identify and give students reading eissignments before scheduled 
lectures, discussions, and/or demonstration. 

1 Introduce and discuss "Separating Industrial I^laterials. " This 
presentation should set the stage for the module and introduce the 
ocnEflon principles of separation processes. (Ihis should be 
approximately 15-25 minutes in length.) . 

The coramcn principles used to describe s^>aratiai material 
conversioi processes are as follows: 

1. types of s^jaration processes 

a. shearing 

b. madiining 

c. nontraditional. 

2. types of cutting elements 

a. single point 

b. multiple point 

c. other medium. 
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3- Cutting element or material aotions 

a. linear 

b. reciprocating 

c. rotai^y 
4. coolants 

5- material or cutting element support- 



Enjliasis should be placed on the pririciples of separation processes 
rather than the ^)eci£ic steps needed to make a single kind of cat 
or turning. 

Potential s^>araticn processes for discussion include: 



1. 


blanking 


2. 


notching 


3. 


nilsbling 


4. 


punching 


5. 


squaring 




machining witti a band saw 


7. 


nar! lining with a circular saw 


8. 


machining with portable power tools 


9. 


nachining with a radial arm saw 


10. 


machining with a scroll saw 


11. 


machining with a lathe 


12. 


machining with a drill 


13. 


nachining with a mill 


14. 


nachining with a shaper 


15. 


machining with a planer 


16. 


machining with a jointer 


17. 


iiachining with a router 


18. 


abrading hand and machine 


19. 


grinding 


:>o. 


lapping 


21. 


polishing 


22. 


honing 


23. 


EDM and SCM 


24. 


torch cutting 


25. 


laser beam cutting 


26. 


slicing 


27. 


chemical machining 


28. 


hyt?ro-cutting 


2:^. 


abrasive jet. 



Discuss separation laboratory activities whidi will be used during 
this ncdule. 



ERIC 



Demcxistrate one or more of these activities to reinforce the 
ccxicepts of material separation. 



So 
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nor jyenviBr 

2 Shor a film that illustrates exasples of indiAstrial sq>araticn 
processes. 

Draw students into a discussion of the film. Use the comcxi 
principles of 8Q>aration processes to help the students understand 
the processes in the film i*uch they are unfamiliar with. 

3 lieview oooBncn principles of separation processes. 

Reinforce the discussion ty demonstrating selected 8Q>aratiQn 
processes (activities) that will be performed during this nodule. 

As activities are being dencnstrated, describe how eadi step in the 
procedure is a part of ^ or can be described^ using the comreon 
principles of s^>aratiGn processes. 

Topical activities mig^t include: 

1. the use of a hacksaw^ grinder # file and abrasive to machine and 
surface-finish a forged screwdriver blade and handle 

2. blanking a metallic part to be farmed using flexible die 
forming 

3. drilling holes for an assearably operation 

4. machining and sanding a formed laminated wooden product 

5. cutting engineering materials into parts or products 

6. producing a small product utilizing machines that denonstrate a 
variety of nachine and material motions 

7. nachining a hole using EEM 

8. separating an extruded ceramic paj,t or ptoCuct 

9. separating several different engineering materials into parts 
for later assembly into a product. 

Students should take notes en laboratory activity procedures and 
safety considerations. 

4 Assign s^)aration laboratory activities and work with students as 
they begin their work. 

Note: Recommend a minimum of six activities for a group of twenty 
students. Nuznber of recooroended activities is based on the 
assunpticn that students will work as individuals or in groups of 
two. Therefore, the possibility exists that all students will not 
perform the same activities* However, each student should conplete 
a core of activities. Rotate students throuc^ activities. 
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Big flggVIgSf 

Observe and assist students workina on s^>aratiGn activities* 

Rotate stucSaits through activities as needed* 

S-^ Observe and assist stodmts as they oontinue to work on separation 
activities* 

7-8 Introduce, demonstrate, and discuss additional s^>aration 
activities* 

Students should record procedures and safety practices introduced 
during demonstrations* 

9-12 Observe and assist students as they continue to work on separation 
activities* 

13 Present a discussion of s^)aration processes and their connnon 

principles as applied to selected, identified, industrial separation 
processes* 

Review separation activities performed or discussed in class. 

Discuss inpacts of SQ>aratioa processes and industries on 
individuals, society, and environment* 
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^njjBgliwI Ttaxtbooks 

Kazemas/ H. C.« G. Baker, and Gregoc, Betaic Marafacturir>g Processes/ 
McGraw-Hill Book Co., New York, 1981, pp. 184-253. 

Wti^t, R. "nKiDas, Processes of Manufacturing, Goodheart-Willcox Co., Ssuth 
Holland, XL, 1987, pp. 131-193. 
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MXOLE: 2 s Conditiaung Procssses 
I£NGIH: 4 EAYS Mmufacturinq CUDSTER 

Ocnditicning processes are classified as secondary material conversion 
processes Whidi can change a materied's physical and laechanical 
diaracteristics and/or prc%>erties* During the manufact.ure of a part ot 
oroduct conditioning, processes are primarily used to: i]i|>rove the 
processing characteristics of a part or material, remove internal stresses 
developed during prior processing, and inpart desired properties or 
characteristics. Therefore, the study of conditioning processes should 
involve discussion and activities si^sporting an investigation into the reascns 
for, and cconcn principles and basic methods of, converting a oaterial's 
inter ^1 or surface structure. These coonon principles are as follows: 

1. ciharacteristics or properties desired 

a. mechanical 

b. pl^sical 

c. chemical ;i. 

d. thermal 

e. optical 

£• acoustical 

g. physicochemical 

h. processing 

i. environmental. 

2. structure to be converted 

a. atomic (bonding) 

b. crystal 

c. molecular 

d. micro-macro. 

3. conversion processes 

a. thermal 

b. mechanical 

c. chemical 

d. acoustical 

e. optical 

f. electrical. 

4. chai. actor istics or properties obtained 

a. mechanical 

b. physical 

c. cihemical 

d. thermal 

e. optical 

f. acoustical 

g. physicochemical 

h. processing 

i. environmental. 
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S» content for this nxxauie should be centered around thesj principles as they 
^Lre applied to cxnditioning processes perfonaed on a naiober of different 
engineering materials. Ihe principles and their related subcooponents will, 
hopefully, help the learner to understand new md unfasdliar conditicxiing 
process^, and serve as a basis for transferring knowledge related to 
conditioning material conversion processes. 

Care should be takai not to overemphasiase a single type of material such as 
metallics or even a specific type sudi as steel. Nor should all conditioning 
processes performed be of the thermal variety. 

Introducing students to a broad array of possibilities within each type of 
material conditioning process siiould be the goal of the module. Also, 
principal enfhasis should be placed on the principles of conditioning 
processes cis opposed to the ^)ecific skill needed to ootplete one or two 
selected products. 

This nodule is organized to introduce students to the secondary processes of 
conditioning during the first stages of the module. Later in the module each 
student will conplete several letoratocy-oentered conditioning processes 
utilizing several different materials. Because of the nature of conditioning 
processes, many of the laboratory activities will be performed on parts or 
products that were produced (cast, formed, separated, etc.) during earlier 
laboratory activities. TSiese processes should reinforce the content and 
principles of conditioning processes. Hie nunter of conditioning activities 
oocpleted will vary with time, student abilities, and other similar factors. 

Finally, the student should enter into a review session vAiere the principles 
of conditioning material conversicxa processes are reinforced and various 
conditioning processes are caipared and contrasted. 
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upon, oonpleting this learning loodule, each studait should be able to: 
l« Define and describe a conditioning mterial conversion process. 

2. Identify and describe the four principle elements of a conditioning 
process. 

3. Identify and describe a mininum of five basic t^pes or forms (basic 
laethods of conversion — for exaaple/ thenaal^ mechanical, magnetic, 
chemical, acooustical, optical, and electrical) or conditioning 
processes. 

4. Identify and describe selected properties and/or ciharacteristics comnoily 
affecting conditioning material conversion processes. 

5. 1. xitify and describe the types of naterial structures converted during a 
ccnditicmng process. 

6. Identify and describe selected reasons for conditioning materials during 
manufacturing. 

7. Identify and describe how selected conditioning processes alter a 
material's structure. 

8. Describe the procedures used to convert identified industrial materials 
using selected conditioning processes. 

9. Produce parts or products using selected material conversion conditioning 
processes. 

10. Caapare and contrast the procedures ^d output of selected conditioning 
processes. 

11. Discuss the inpacts of conditioning material conversion processes and 
industries on individuals, society, and environment. 

12. Describe the ir^t-process-output relationship for identified 
conditioning processes. 

13. Be aware of the careers an ccireer ladders for enpioyees involved in 
conditioning processes. 
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1 Introduction to eaid discussion of ocnditicning manufacturing 
processes. 

1. discussion of oonditi:ning processes and principles 

2. denxxistration and discussion of ocndiu.oiang processes and 
principles 

• 

2 Review and discussion of ocnditioning principles and processes* 

1. demonstration and discussion of conditioning processes and 
principles 

2. assigning and conducting conditioning laboratory activities 

3 Conducting conditioning labDratory activities. 

Observation of and assisting students working on conditioning 
activities. 

4 Review and discussion of conditioning principles and laboratory 
activities* 

1. discossior of environmental and social inpacts 

2. carreers and career ladders 

3. discussion of laboratory activities, results, and related 
procedures 
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0 Before you introduce this module, identify, develop, and/or test 

materials or products eqiaipmant, and prooadures that will be used to 
dencnstrate or reinforce the understanding of identified 
conditioning processes and cooiaon principles* Record these 
procedures and identify specific safety considerations for eadi« 

Develop and/or acquire six-ten individuals (or groqp) conditioning 
laboratory activities capable of siqpporting an developing an 
understanding of conditioning processes and the common principles 
used tr describe and analyze the conditioning of industrial 
materials. 



'Riese activities should use thental, mechanical, magnetic, chemical, 
acoustical, optical, and/or electrical processes to condition 
^Metallic, ceramic, polymer, and oonposite materials. 

C3btain and/or prepare materials for selected laboratory activities. 

Introduce and discuss "Conditioning Industrial Materials." Itiis 
presentation should set the stage for the module and introduce the 
ccxnmon principles of conditioning processes (this should be 
approximately 20-30 minutes in length). 

The common principles used to describe conditioning material 
conversicxi processes are as follows: 



1. characteristics or properties desired 

a. mechanical 

b. physical 

c. chemical 

d. thermal 

e. c^tical 

f. acoustical 

g. physicodiemical 

h. processing 

i . environmental. 

2. structure to be converted 

a. atomic (bending) 

b. crystal 

c. molecular 

d. micro-iiacro. 

3. conversion processes 

a. thermal 

b. mechanical 

c. chemical 

d. acoustical 

e. optical 

f. electrical. 
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4. characteristics or properties obtained 



a. 


mechanical 


b. 


physical 


c. 


ciiemical 


d. 


thennal 


e. 


optical 


f. 


acoustical 


g* 


physioochemical 


h. 


processing 


i. 


wvironmafital. 



En^iiasis should be placed on the principles of oonditicning 
processes rather than the specific st^ required to harden steel. 

Industrial processes to be discussed or used as exairples might 



include: 


1. 


seasoning lunber 


2c 


hardening 


3. 


tenperino 


4. 


annealing 


5. 


normalizing 


6. 


firing 


7. 


hydration 


8. 


polymerization 


9. 


work hardening 


10. 


surface hardening 


11. 


heat treating glass. 



Discuss conditioning laboratory activities which will be used during 
this module to reinforce content. 

Potential laboratory activities include: 

1* using water extended polyester to make a handle for a 
screwdriver 

normalizing^ annealing^ hardening^ and/or tempering tlie blade 
for the screwdriver 

3. firing the ceramic parts and/oc products produced during casting 
and molding activities 

4. ^' mixing and placing concrete 

5. seasoning some lumber 

6. using and studying the curing processes o£ adhesives 

7. magnetizing a product or material. 
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Denoxstrate cxie of the id«itif icd laboratory oonditioaing processes 
enphasizing the oomoon principles of a ocnditioning process during 
the dezDonstration* 

2-3 Ccxitinue dencnstrating ocnditioning prcx^sses to be ured during this 
module. 

As activities are being demonstrated describe how each step in the 
procedure is a part of or can be described using the cccax^i 
principles of conditioning processes. 

Students should take notes on activity procedures and safety 
considerations. 

Assign conditioning activities and work with students as they 
conplete their work and their Activity Analysis Sheets. 

4 Discuss ocnditioning processes and their ccamon principles as 

applied to selected, identified, industrial conditioning processes* 

Review conditioning activities performed or discussed in class. 

Discuss inpacts of conditioning processes and industries on 
individuals, society, and the environment. 
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INSTRUCTIONAL MATERIALS 

1. Taarjher developed and/or oonnercially available transparer^cies/slides/ 
charts, etc., describing cGnditioning nanufacturing activities and 
processes. 

2. Ocnditioning equipmrnt and part or product exanples capable of being 
used to demonstrate or describe conditioning material conversion 
processes; their characteristics, procedures, results, and/or by-products. 

3. Handouts on ocnditioning naterial conversion processes that may not be 
addressed in student text. 

4. Instructor daily lesson plans. 

5. Conditioning laboratory activities. 

6. Teacher designed conditioning naterial conversion laboratory activity 
analysis sheet v*uch will cause the student to: 

a. identify and describe the industrial, social, and economic advantages 
and disadvantages of the identified process 

b. identify and describe the material being converted 

c- identify and describe the desired material ciharacteristics or 
properties to be obtained throogh the use of the conditioning 
processes. 

d. identify and describe the materials, structure (s) to be converted 

e. identify and describe the conversion process (es) used to obtain 
the desired material characteristics or properties 

f . identify and describe the characteristics or properties obtained 
through use 

g. record oberv-ations during the activity and about the finished part or 
product (reasons for the defects sliould be considered) 

SPECIAL BQUIPMEOT AND SUPPLIES 



1. The following materials are not required, but will provide better learning 
ORporcunities for tlie students: 

a. ceramic kiln 

b. small electric or gas furnace for heat treating 

c. molds, mixing equipment, polymer materials for chemical conditioning 
(polymerization) 

d. forms, mixing equiproe.it, cemait, and aggregate for mix concrete 

e. small electric oven or other equ^proent for drying small pieces of 
wood. 

2. Safety equipment necessary for observing demonstrations and performing 
laboratory activities 
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Suggested Ttatbodcs 

Kazanas, H. C, G. Baker, and Gregor, Basic Manufacturing Processes, 
McGraw-Hill Book Co., New York, 1981, pp. 331-341. 

Wri^t, R. Ihcroas, Processes of Manufacturing, Goodheart-Willcox Co., South 
Holland, IL, 1987, pp. 317-355. 
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MXULE: 8 : Assentolinq Prcx:e3se8 
UOGmz 2 Manufacturing OUSTTER 

Assenobly prcx^esses are classified as secondary material CGnversion processes 
vdiich semi- or permanently join two or nore materials or parts together. 
Almost every industrial and ccnsuiner product manufactured most be assembled 
from several parts and/or subassemblies. The study of these processes should 
involve discussion and activities sapportirtg an investigation into the reasons 
for, and ooranon tecimiques used, to join industrial materials and parts. The 
oommon techniques used to join materials or parts during assenbly include: 

1. mixing 

2. joining 

a. adhesion 

b. cohesion 

c. mechanical 

3. weaving 

4. magnetic. 

Other factors to be takai into consideration during the investigation of an 
assembly process, along with a study of the common techniques or processes or 
assembly are: 

1. consideration of the characteristics and properties of the fastener or 
material being added 

2. preparation of the base material or fastening agent for the assembly 
process 

3. method of aK>lying the fastener or material being added. 

The content for this module should be centered around these techniques and 
factors as they are applied to assembly processes performed on a number of 
different engineering materials. The techniques and their related 
subcocponents will, hopefully, help the learner to understand new and 
unfamiliar assembly processes, and serve as a basis for transferring knowledge 
related to assorbly processes. Care should be taken not to overenphasize a 
particular technique or the use of a particular material. 

Introducing students to a broad array of assembly techniques should be the 
goal of the module. Also, principal en?4iasis should be placed on the 
techniques and other factors affecting the assacbly processes as opposed to 
the specific skills needed to complete one or two selected products. 
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This ncdule is organised to intzoduoe studaits to the sacxxidary processes o£ 
assembly during the first stages of the module. Later in the module each 
student should ccnplete several laboratocy-centerad assenbly pcocesses 
utilizing several different materials. Beoaive of the nature of assembly 
processes, mar^^ of the laboratory activities will be perfocasd on parts or 
subassesBblies that were manufactured (cast, fomed, or separated; during 
earlier laboratory activities. These processes should reinforce the content 
and tediniqaes of assembly processes. The nuater of activities completed will 
vary with time, student abilities, and other similar factors. Finally, the 
student fitiould enter into a review session vAiere the principles of assembly 
processes are reinforced and various assenbly processes are oonpared and 
contrasted. 
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Upon cQD{)leting this learning iQOctule# eadi student should be able to: 

1. Define and describe the purposes of asseobly material conversion 
processes. 

2. Identify and describe the four basic techniques used to asseoble 
parts and subasseisblies. 

3. Describe die iioportance of assenbly processes in the manufacturing 
activities. 

4. Ider.tify and give a brief description of the basic methods used to join 
parts or subassemblies. 

5. Identify and describe selected reasons for semi- or permanently 
asseni)ling parts or subassemblies together. 

6. Identify several industrial materials and describe a ccnsncn industrial 
processes used to fasten it to itself or another similar and/or 
dissimilar material. 

7. Produce parts or products using selected asseoibly processes. 

8. Ccqpare and contrast the procedures and outputs of selected assembly 
processes. 

9. Discuss the inpacts of assembly processes and industries on individuals, 
society, and environment. 

10. Be aware of the careers and career ladders for enployees involved in 
assembly processes. 

11. Be able to analyze an identified assembly process using the common 
techniques and factors of an assembly process. 
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1 Introducticn to and discussion of assembling industrial materials* 

!• discussion of asseoobling processes and techniques 
2* £diow and discuss a film illustrating exaaples of industrial 
assesDbly processes 

2 Review and discussion of asseoi^ling processes and techniques. 

1. dmxistration and discussioi of assadDly processes and 
tediniques 

2. assigning and conducting assenbly laboratory activities 

3-4 Conducting assembling laboratory activities. 

Observation of and assisting students working on assembling 
activities. 

5 Review and discussicr of assanbling processes and techniques. 

2 . demonstration and discussion of assembly processes and 
techniques 

^ assigning and conducting assembly laboratory activities 

6-7 Conducting assembling laboratory activities. 

Observation of and assisting stucJents working oa assembling 
activities. 
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0 Before you introduce this iacx3ule# develi^ or update your daily 
lessen plans, generate handcxits, collect examples, select the loedia 
and materials n ec essary to support your instruction, and determine 
activities capable of supporting the nodule content* 

Identify, develop, jid/oc test loaterial or product sasples, 
equipment, and procedures that will be used to d^nonstrate or 
reinforce the understanding of identified assenbling processes. 
Record these procedures and ideritify apecific safety oonsideratiais 
for eadi* 

Develop and/or acquire six-ei^t individual (or grocp) assembling 
lakoratory activities capable of scqpporting and developing an 
understanding of asseoibling {.rocesses, and the common principles 
used to describe and analyze the assembling of industrial materials. 

Ihese activities should use mixing, joining, weaving, and/or 
magnetic processes to convert metal 4.ic, ceramic, polymer, and 
cod^posite naterials. 

Obtain and/or prepare materials for selected laboratory activities. 
On ^jecif ied work days have appropriate laboratory activities set up 
before class is scheduled to begin* 

Identify and give students reading assignments before schedules 
lectures, discussions, and/or demonstrations. 

1 Introduce and discuss "Assembling Industrial Materials." This 
presentation should set the stage for the module and introduce the 
oonmon techniques of assembly processe-^ (TSiis should be 
approximately 20-30 minutes in length*; 

The common techniques used to describe assCTibly processes are as 
follows: 

1. mixing 

2. joining 

a. adhesion 

b. cohesion 

c. mechanical 

3. weaving 

4. magnetic. 

Enphasis should be placed on the techniques of assanbly processes 
rather than the specific steps required to weld or braze steel. 
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nof j>CTivnY 

IndListrial processes and naterials to be discussed or used as 
exaaples might include: 



1. 


threaded fasteners 


12. 


brazing 


2. 


screws 


13. 


sealants 


3. 


nails 


14. 


welding plastics 


4. 


staples 


15. 


friction welding 


5. 


rivets 


io. 


hot tool 


6. 


retainers 


17. 


gas welding 


7. 


clips 


18. 


resistance welding 


8. 


closures 


19. 


arc welding 


9. 


joints and seams 


20. 


other welding processes 


10. 


adhesive bcndiiig 


21. 


magnetic. 


11. 


soldering 








Show a film illustrating several different types of industrial 
assembly processes. Discuss the inplications of the film with the 
students. Curing discussion use the common techniques and 
principles of assembly processes. 

2 Discuss assembly laboratory activities which will be used during 
this module to reinforce content. 

Potential laboratory activities include: 

1. nailing, bolting, screwing, soldering, brazing, pop riveting, 
welding, gluing, joining, and/or interlacing parts or 
subassemblies together 

2. using solvents, arc welding, or slip welding to dencnstrate 
cohesion bonding of parts or subassemblies together. 

As activities are being demonstrated describe how each step in the 
procedure is a part of or can be described using the common 
principles of assembly processes. 

Students should record procedures and safety practices presented 
during demonstrations. 

3-4 Assign assanhly laboratory activities and analysis sheets as needed. 

Begin laboratory activities. 

Note: Reconinend a minimum of six activities for a group of twenty 
students. Number of recommended activities is based on the 
assump/.ion that studaits will work as individuals or ii groi:ps. 
therefore, the possibility exists that all students will not perform 
the same activities. However, each student should conplete an 
identified oore of activities. 
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Obeerve and assist students as they cx3n()Iete the asseobly 
activities. 

Introduce, demonstrate, and discuss additional individual and/or 
group as&;esnbly laboratory activities selected and developed for this 
]QDdule# 

Students should record procedures and safety practices introduced 
during demonstrations. 

Observe and assist students as they coiplete thsir asseinbly 
activities. 

Note: Review of assembly process is integrated into the finishing 
module. 
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An assaobly latoratocy activity analysis sheet should be developed vAiidti will 
cause the student to: 



a* idmtify and (iescribe the industrial, souial, and eoonomic advantages 

and disadvantages o£ the identified farocess 
b. identify and describe the saterialsCs) being converted 
c» identify and describe fastening agent or material (s) being added 
d» identify and describe the assenbly techniques(s) used 
e» identify and describe the pr^>au:ation of the base nateiial and/or 

fastening agent or material being added 
f • identify and describe the loethod/s used to apply the fastening agent 

or material being added 



SPECIAL BQUIFME»T AND SUPPLIES 



1. The following materials are not required, but will provide better 
learning opportunities for the students; 

a. pop rrvet gun and rivers 

b. plastac solvents 

c. qx)t welder 

d. ceramic materials and equipment 

e# soldering or brazing materials and equipment 
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Suggpastod Tsxtlsocics 

Kazanas, H. C./ G. Baker, and Gcegoc, Basic Manufacturing Processes^ 
McGraw-Hill Book Co., New York, 1981, pp. ^54-^^. 

Hti^t, R. Thomas, Processes of Manuf SiOturing, Gooaneart-Wi llcox Co., South 
Holland, IL, 1967, pp. 35G-3S2. 
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MODULE: 9 : Finighing Prooesses 
IBXimt 5 DMfS Mgnufacturinq OUSTER 

PinishiJig processes are classified as secondary material conversion processes 
vftiich protect^ decorate^ and/or cihange the furwtion of a material by coating 
oc converting the material's surface. During the manufacture of a part or 
product^ finishing processes are primarily used to protect and decorate the 
material. Die stud/ of finishincr processes should, therefore, involve 
discussion and activities supporting an investigation into the reasons for the 
conmon principles and basic methods of converting a material's surface through 
the application of a conversion or coating finish. Hiese conraon principles of 
finishing processes are as follows: 



1. select finish 

a. coating 

b. conversion 

2. prepare material for finishing 

a. mechanical 

b. chemical 

3. apply finish 

a. spraying 

b. dipping 

c. plating 

d. rolling 

e. brushing 

f. pouring 



Hie content for this mcxiule should be centered around these principles as they 
are applied to finishing processes perfonued on a number of different 
engineering materials. The principles and their related subcoiponents will, 
hopefully, help the learner to understand new and unfamiliar finishing 
processes and serve as a basis for transferring knowledge related to finishing 
material conversicxi processes. 

Care should be taken not to overen^haisize a single type of finish such as 
organic coatings or even a ^^ecific type such as varnish, nor should all 
finishing processes performed be brushed finishes. 

Introducing students to a broad array of possibilities within each type of 
material finishing process, should be the goal of the module. Also, principal 
en^iiasis should be placed on the principles of finishing processes as opposed 
to the specific skill needed to finish one or two selected products. 
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This nodule is organized to introduce studaits to the secondary processes o£ 
finishincr durir a the first stages of the nodule* Later in the noduIe# each 
8^Axker^t wi'*'' lete several laboratory-centered finishing processes 
utilizing l .l different mater ials. Because of the nature of finishing 
processes, nany of the laboratory activities will be perfonaed on parts or 
products that were produced (cast, fomod, separated, assanbled, etc. ) during 
earlier Ic^boratay activities* These processes should reinforce the content 
and principles ot finishing processes* The nunber of activities oocpleted 
will vary with tine, student abilities, and other sinilar factors. Finally, 
the student flhculd enter into a review session vAiere the principles of 
finishing material ccnversion processes are reinforced and various finishing 
proce '.ses &re ooqpeured and contrasted* 
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Upcn oonpleting this learrdng mcxiale, eacii student should be able to; 

1* Define and describe the purposes of finishing material conversion 
processes. 

2. Idantify and describe the three principle elements of a finishing 
process* 

3. Ideitify and describe the basic methods used to prepare the surface of a 
material for a finish. 

4. Identify and give a brief description of the basic methods used to apply 
a finish. 

5. Idmtify and describe selected reasons for finishing materials during 
manufacturing. 

6. Identify and describe how selected finishing processes can alter a 
material's surface. 

7. Produce parts or products using selected material conversion conditioning 
processes* 

8. Conpare and contrast the procedures and outputs of selected finishing 
processes. 

9. Discuss the iitpacts of finishing material conversion processes and 
industries an individuals, society, and environment 

10. Describe the input-process-output relationship for identified finishing 
processes. 

11. Be aware of the careers and career ladders for enployees involved in 
finishing processes. 
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1 Introduction to and discussicr. of finishing industrial materials. 

1* discussion of finishing processes and techniques 
2. shew and discuss a film illustrating exainples of industrial film 
processes 

2 Review and discussion of finishing processes and techniques. 
Dencnstraticn and discussion of finishing processes and techniques. 

3-4 Assigning and conducting finishing labor cocy activities. 

5 Review and discussion of assenbly and/or finishing techniques and/or 
principles and laboratory activities. 

!• discussion of environmental and social inpacts 

2. csureers and career ladders 

3. discussion of laboratory activities, results, and related 
procedures 
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0 Before you introduoe this module, develop or ipdate your daily 
lesson plains, generate handouts, collect exaiples, select the media 
and materials necessary to scqppott your instruction, and determine 
activities caypable of 8i:|:portjiig the nodule content. 

Identify, develop, and/or test material or product sanples, 
eqiipBoent, and procedures that will be used to demonstrate or 
reinforce the understanding of identified finishing processes and 
principles. Record these procedures and identify specific safety 
considerations for eadi. 

Develop and/or acquire six->eight individual (or groip) finishing 
laboratory activities capable of scqoporting and developing an 
understanding of finishing processes, and the common principles used 
to describe and analyze the finishing of industrial engineering 
naterials. 

niese activities should use organic and inorganic materials and be 
applied by spraying, brushing, pouring, dijping, rvolling, and/or 
plating metallic, ceramic, polymer, and/or conposite materials. 

Obtain and/or prepare mater^^ls for selected laboratory activities. 

Identify axid give student reading assignments before schedules 
lectures, discussions, and/or demonstrations. 

1 Introduce and discuss "Finishing Industrial Materials." This 
prei^entation should set tJie stage for the module and introduce the 
common principles of finishing processes. (This should be 
approximately 20-30 minutes in length. ) 

The connon principles used to describe finishing material conversion 
processes are as follows: 

1. select finish 

a. coating 

b. conversion 

2* prepaure material for finishing 

a. mechanical 

b. chemical 
3. apply finish 

a. graying 

b. dipping 

c. plating 

d. rolling 

e. brushing 

f. pouring. 
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Esfixasis should be plaoed on the principles of finishing processes 
rather than the specitic steps raqaired to plate steel* 

Industrial processes and materials to be discussed or used as 
examples mi^t include: 



Show a film illustrating several different types of industrial 
finishing processes* Discuss the processes shown in the film with 
the students* 

Use the ooranon prir^ciples of finishing processes to describe and 
help the students understand unfamiliar processes in the film and/oi 
processes not included in the assigned readings* 

2 Discuss finishing laboratory activities which will be used during 
this module to reinforce content* Potential laboratory activities 
include: 

]* glazing (spray, dip, pour, or brush) a ceramic product 
2* spray, dip, or brush parts or products raBuiufactured during 

casting, forming, sq)arating, assembling, or ocnditioning 

activities 

3. staining and top coating a polymer part or product 
4* silkscreening a package, design, or symbol on some part or 
product 

5* converting the surface of a metallic part or product* 

As activities are being demonstrated describe how each step in the 
procedure is a part of, or can be described, using the oonroon 
principles of finishing processes* 

Students should observe, take notes, and record observations of all 
demonstrated laboratory activities, procedures, and safety 
considerations* 



3* 
4* 
5* 
6* 



surfaoe cleaning 

processes (mechanical 

and chemical) 
organic and inorganic 

finishes 
brushing 
graying 
dipping 
roller coating 



7* 

a* 

9* 
10* 
II* 
12* 
13* 
14* 
15* 



electroplating 
powder coating 
oxide coatings 
metal s^nraying 
vacuum netalizing 
pouring 

phosphate coating 
porcelain coating 
ceramic coating* 
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3-4 Assign finishing laboratory activities and analysis sheets as 
needed* 

Begin laboratory activities* 

Note: RecoBBoaid a mlninua of six activities for a group of twenty 
students. Nuniber of reconaended activities is based on the 
assunption that students will woric as individuals or in grov:ps« 
Therefore, the possibility exists that all students will not perform 
the sane activities* However# each student should complete an 
identified core of activities* Rotate students through activities^ 

Observe and assist stud^ts as they work on their finishing 
activities* 

5 Discuss finishing and assembly processes and their comnon principles 
as applied to identified industrial processes* 

Review finishing and asseoobly activities performed or discussed in 
class* 

Discuss inpacts of finishing and assedbly processes and industries 
on individuals, society, and environment* 
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SPECIAL INSTRUCriGNAL MATERIALS 



A finishing material conversion laboratory activity analysis sheet should be 
developed Which will cause the student to: 

!• identify and describe the inlostrial, social, and economic advantages and 
disadvantages of the identified process 

2. identify and describe the naterial(s) being converted 

3. identify and describe the type and reasons for selecting a particular 
finish 

4, idaitify and describe the method(s) used to prepare the material's 
surface for the identified finish 

5, identify and describe the method of applying the identified fi .sh 

SPECIAL BQUIPMEOT At© SUPPLIES 



Hie following materials are not required, but will provide better learning 
opportunities for the students: 

a. ceramic glaze 

b. spray equifxnent 

c. kiln 

d. equipment for metallic surface conversion 
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Kaanns, H. C, G. Baker, and GregoT/ Basic Manufacturing Prooesses/ 
MoGraw-4IiU Book Co., New York, 1981, pp. 343-360. 

Wriest, R. Ttxanas, Procesaes of Manufacturing, GoocJheart-Willcox Co., South 
Holland, XL, 1967, pp. 383-409. 
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MDDJLE: 10 : Evaluating and Analyzing Products or Materials 
LESGIHi 4 IK£S Manufacturing dJiSTER 

Evaluating and analyzing processed indostrial materials is a culminating 
activity (nodule) designed to give the student the opportunity to apply the 
conc^ts, principles, and knowledge of industrial materials, and mauiufacturing 
processes developed during this course. As indicated by the title of the 
module, the p>:'^osed task is basically one of evaluaocn, analyzatiai, and the 
use of Ix^gic and problem-giving skills. Hie "task**, given a product: 

1. having a minimum of ten peurts 

2. containing at least two different industrial materials (at least one 
from two of the following: metallics, ceramics, natural polymers, 
synthetic polymers, and conposites) 

3. manufactured using a minimimi of five different processes (at least one 
from four of the following: casting, forming, molding, separating, 
coiditioning, assembling, and finishing) 

4. the student should be familiar with 

5. a handout describing the assignment* 

The studmts working in small gtoopQ (maximum three studaits per groip) 
will be able to amlyze an assigned product (each group should have a 
different product) and its individual parts to determine the of materials 
utilized and how the product and its individual parts were manufactured. 

The eissignmait will consist of a report in three parts: 

1. visual representation of the product with all individual parts shown and 
labeled (photo, sketch, mechanical drawing, etc. ) 

2. a bill of materials listing the quantity, the icaterial from vHxidn it is 
manufactured, and a reasonable name for each part 

3. the body of the repcnrt v^rein each idmtif ied part is analyzed, in the 
order listed on the bill of materials. Analysis will consist of the 
id&itification and listing of all manufacturing processes used to prciuca 
the part, and a one or two sentence description of eadi identified 
process. 

A NOTE OONCERNING EWUJUATION: It should be noted that in many cases it will be 
extremely difficult to identify the exact material or processes used to 
manufacture a given part. In many cases (following library research, visits 
or calls to the manufacturer, and/or other appropriate reseeurch tediniqaes), 
the student's identification or guess of a particular material or process may 
be just as accurate as the instructor's. ITie question should be, is the 
decisiai logical and reasonable, because in many cases, there may be several 
different materials or processes that could, or may have been used, to 
manufacture a particular part. 
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GBJBCnVES 



Upon ocqpleting the leatiiing nxxiule, each student oc groi^ of students should 
be able to: 

1. Identify or give nsune of all the parts of an assigned product. 

2. Use a form of visual coanunioations to illustrate an assigned product and 
its individual parts. 

3. Identify the materials used to sake each identified part of the assigned 
product. 

4. Research and analyze an aissigned product to determine the material 
conversion processes used to manufacture each of its parts. 

5. Provide a one or two sentence description of the identified processes 
determined to have been used to manufacture the individual parts of an 
assigned product. 
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1 Introduce and discuss **Evaluating anc' Analyzing Processed Industrial 
Materials" activity. 

2-3 Observe and assist students v#arking on assigned activity. 

4 Discuss preliminary results of product analysis. 

1. discuss problems o£ naterial and process identification* 

2. discuss and finalize assignnent format 

5 Student product analysis presentations. 



1 r8 



116 



HBSBfTDSB TBB IQOUUE 



DMT tCnVTK 

0 Before you introduce this mcxSule, develop or update your daily 
lesson plans# generate handouts, rollect exainples/ select the nedia 
and materials ne c essary to mjppact your instruction, and determine 
products osqpable of a^sporting the jnodule content. 

Identify, develop, and/or test exainples, and procedures that will be 
used to support this activity. 

Record these procedures and idoitify specitic safety considerations, 
for eadi. 

Obtain and/or prepare products for identified laboratory activity* 
On ^)ecif ied work days have appropriated products set up or 
available before cleiss is scheduled to begin, ^ 

1 Introduce and discuss "Evaluating and Analyzing Processed Industrial 
Materials" activity. 

Show and give examples of conpleted assignments, procedure and 
techniques that were used to oomplete or determine them. 

Form sitall groips (use technique apprc^riate to the grocp of 
students involved). 

Assign products and give due date for assignment, 
2-3 Observe and assist students as they conplete the activity. 
Students should: 

!• establish management system to guide work 

2, research and/or analyze product and parts 

3, work on activity, 

4 Discuss preliminary results of product analysis. 

Discuss the prc^lem of materials and processes identification. 
Discuss and finalize eissignment format for submissicxi, 

5 Have students submit and discuss assignments, methods # and 
procedures used, results and findings, alternatives to processes and 
materials identified. 
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